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| NTRODUCTI ON

On March 12-14, 1993, the eastern seaboard of the U S. was
struck by what is nowreferred to as: 1) The Storm of the
Century, 2) The Blizzard of 93, or 3) The Big Onel One of the
interesting and nore over| ooked aspects of the stormwas the
di screpancy between |iquid water nmeasurenents by the rain gauge
and water equivalent 'core sanples’ of the snowice on the
ground. In examning these data, | found that many stations
appeared to either have a problemw th "undercatch’ of snowfal
by the rain gauges, or a systematic problemw th water equival ent
nmeasurenents. This report will attenpt to show that: 1) The
nost |likely scenario is a problemw th "undercatch’ of snowfall,
and 2) the careful neasurenent of water equivalent is an
i nportant element for hydrological interests and the climatic

records.

Wat er equi val ent neasurenents are taken by extracting core
sanpl es, or slices, of the snowice on the ground, and then
melting the sanple to cal cul ate the water equival ent of the
snow i ce. The neasurenent can be done carefully with a rain
gauge (e.g., an 8-inch sanple of 16 inches on the ground nelts to
1 inch of water, indicating an 8-1 ratio and 2 inches of water
equivalent). It is very inportant that the sanple be
representative of the full profile of the snowice depth. Care
nmust be taken not to conpress or conpact the snow for the sanple,
since the density of snow in the sanple should be the sanme as

t hat on the ground.



The problemw th *undercatch’ of snowfall by rain gauges has
been docunented in previous studies (Larson and Peck, 1974; Peck,
1972). These studi es have established enpirical relationships
bet ween gauge neasurenents, water equival ent neasurenents of snow
on the ground, and wi nd speeds. Fromthese relationships and
field testing of the ensuing equations, unshielded gauges were
shown to "undercatch’ precipitation by 70% or nore (40% or nore
for shiel ded gauges) during snowfall events with wi nd speeds of
20 MPH or higher. Suffice it to say that this storm presented an

excel l ent opportunity to observe this problem

DI SCUSSI ON

The acconpanying table presents statistics on the
nmeasurenents made during the stormat 40 stations. By carefully
studying the table, several aspects becone readily apparent.

These aspects are di scussed bel ow.

The snowfall stormtotals (I NCR1) were quite substantial,
with totals of 1 to 2 feet being comon throughout nmuch of the
eastern U S. These totals are based on snow depth reports
before, during, and after the storm in order to better correlate
themw th water equivalent 'core sanples’ taken at about the sane

times. GCenerally, the greatest depths were observed on the 14th.

The water equivalent stormtotals (INCR2) were al so unusually
high for a snow event in this part of the country, with anmounts
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of 2 to 4 inches being rather conmon. |If these totals are
accurate, then the "true’ anounts of |iquid deposited by the
storm shoul d be equal to or greater than those shown in the | NCR2
colum. In other words, the "true’ liquid total froma stormis
al ways equal to or greater than the final water equival ent
measurenent. The observer’s neasurenent of the greatest water
equi val ent anount (WEQ) does not account for nelting of
snow i ce near a ground surface with above freezing tenperatures
at the beginning of the storm Since this stormwas a |late
season event, nost of the affected areas did have above freezing
ground tenperatures at stormonset, and, in sone cases, severa
hours of snow fell before actual accumul ati on began. Then, as
heavy snow fell and accumul ated, some nelting from underneath

occurred throughout the stormat many | ocations.

This affect can be seen in | ooking at the synoptic-hour
observations (every three hours) of snow depth, which show a
decrease in snow depth for sone stations during the hours
i mredi ately after the storm-with tenperatures still well bel ow
freezing--an indication of nelting fromunderneath. Al so, the
true anount of liquid would tend to be higher than ' I NCR2" since
nost stations reported sone additional snowfall after their

report of the maxi num water equival ent anmount (WEQR) .

"RATIOL’ is a neasure of the apparent undercatch by the
gauges (rain gauge vs water equivalent), although the factors
ment i oned above have to be considered. For the 28 stations
reporting *SNOW as the predom nant precipitation type, 4 are
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within a range of .01 to .40, 15 are wthin .41 to .80, 8 are
within .81 to 1.20, and 1 is over 1.20. 1In light of previous
studi es nentioned above (’undercatch’ precipitation by 70% or
nore...), these figures are not surprising since w nd speeds
general ly averaged 10-30 MPH at nobst stations during the heavy
snowfall. Also, they show nore than half (15) of the values to

be within the second of these four ranges.

Sonme of the snow water ratios (RATIO2) seemquite low (i.e.,
hi gh water content). However, given that this was a very deep
"spring-type’ stormwhich drew in |large anmounts of Atlantic and
@Qulf of Mexico noisture, it is likely that the snow had a higher
liquid content than would be expected in a '"normal’ w nter storm
Unfortunately, | amnot aware of any studi es which have attenpted
to correlate the severity and type of stormsystemw th the
resulting liquid water content of snowfall. Such a study is not

wi thin the scope of this paper.

Al t hough there were a wi de range of tenperatures anong
stations during the heavy snowfall, the general range was 25-34
degrees Fahrenheit at stormonset, falling to 10-25 degrees
Fahrenheit when heavy snowfall ended. Dew point depressions
averaged about 2 degrees Fahrenheit throughout the storm The
dew points are probably a better indicator of the liquid content
of snowfall in a stormsystemw th | arge anmobunts of noisture
entrai ned, since they give us a 'reading of atnospheric noisture
content. Historically, dry bulb tenperatures at the surface have
been used as a 'rough’ indicator of liquid content, with readi ngs
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of around 30 degrees Fahrenheit indicative of "wet snow.’
However, a 30-degree dry bulb with a 25-degree dew point would
tend to indicate less liquid content than a 30-degree dry bulb

with a 28-degree dew point.

In I ooking at this aspect further, | chose 9 stations al ong
t he Appal achi an chai n where geography and the synoptic situation
woul d be simlar for this event. The table bel ow presents each
station’s nean dew point tenperature during the tine of noderate
to heavy snow (i.e., when nost of the snow fell) as conpared to

the snow water ratio (RATIQ2).

STATI ON MEAN DEW PT RATI O2
Asheville NC 30 4.2
H ckory NC 29 6.0
Charl eston W/ 24 6.8
Roanoke VA 27 7.6
Hunt i ngt on W/ 23 7.9
Beckl ey W/ 20 8.1
El ki ns W 18 9.5
Pi ttsburgh PA 20 11.9
Bi nghant on NY 14 14.0
One woul d expect that as the dew points fell, the snow water

rati os would increase. The table shows this to generally be
true. To investigate this further, the correlation coefficient
can be calculated which wll estinmate the affect of the nmean dew
poi nt on the snow water ratio. A 'perfect’ correlation here
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woul d be -1.00 since a decrease in the nmean dew point yields an
increase in the snow water ratio. The actual correlation
coefficient for these values is -.90, and 80.3% of the variation
in snowwater ratio is accounted for by a linear relationship
with the nean dew point. Also, by restricting the list to
Asheville, NC plus the four West Virginia stations (five stations
with very simlar terrain influences), the coefficient 'inproves’
to -.98, and 96. 1% of the variation in snowwater ratio is then
accounted for by the relationship with nean dew point. Although
this cannot be said to validate the water equival ent nmeasurenents
for these stations, it certainly adds nore credibility to the

val ues.

O her factors that may cone into play in a stormsuch as this
woul d be the proximty of the station to | arge bodi es of water,
and the location of the station to the | eeward/ w ndward si de of
nmount ai n ranges. However, in ny evaluation of the data (for al
40 stations), | did not find any direct correlations with these
factors. As for the distribution of *RATIO2" values for the 28
"SNOW stations, 3 are within the .1 to 4.0 range, 13 are within
4.1 to 8.0, 10 are within 8.1 to 12.0, and 2 are over 12.0.
Therefore, nearly half (13) have ratios of from4.1 to 8.0. This
is certainly a significant departure fromthe 10.0 ratio that is

commonly used when an actual neasurenent is not taken.

The inconsi stency of reports between stations is especially
apparent for 'RATIOL’ and 'RATI2.’ As the distributions shown
above indicate, the data do show some clustering of values wthin
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certain ranges. However, there is considerable variability in
the data and spatial (i.e., geographic) clustering cannot be
shown. A few cases of large differences over short distances
(e.g., Rochester vs Syracuse, NY) may indicate a problemin the
validity of a few of the values. Some of these variations can
probably be expl ai ned by geographic/terrain differences; snow
melt during the stormat sone |ocations (nelting underneath
ment i oned above); and possibly sone subtle differences in

observing practices between stations.

O her inportant considerations are the wi nd speeds associ at ed
with the stormand the existence (or not) of w ndshields for each
of the gauges. Sone of the National Wather Service (NW\5)
stations in the Northeast are equi pped with w ndshields, while
nost in the Southeast are not. Wnd speeds generally averaged
10-30 MPH for nost stations during the noderate to heavy
snowfall, but were quite gusty. Estimating an average w nd speed
for the stormfor each station is of questionable value due to
this gustiness, and since the wind's affect on the gauges would
depend on the gauge exposure. However, data for nmean w nd speeds
and the existence of windshields are included in the data table
(see WND and SHLD col umms) to provide sone indication of how
these data correlate with the "undercatch’ of the gauges
(RATIOL). Following are correlation coefficients cal culated from

t hese data by correlating "RATIOL" wth *W\D :

19 ' SNOW stations without w ndshields = -.39
9 'SNOW stations with wi ndshields = -.33
7



Here, a ’'perfect’ correlation would be -1.00 since ’RATIOL
shoul d decrease as 'WND increases. These poor correlations may
be due not only to the factors nentioned above, but also to
variations in snow density (i.e., snow weight, which is directly
proportional to water content and inversely proportional to
"RATI Q2" ). Heavier, wetter snow would tend to be | ess affected
by the wind than drier snow. However, | am not aware of any
previous research of this effect. Correlations can be cal cul ated
using groups of stations with simlar values for 'RATIO2' and/or
sim | ar geographical influences, but | found nbst conbinations to
only yield coefficients of between -.30 and -.60. It is ny
opi nion that these low correlations are the result of the
uncertainties cited above as well as possible inconsistencies in

reporting practices anong the various stations.

CONCLUSI ON

O the 28 stations which reported ' SNOW as the predom nant
precipitation type, 23 (82% show gauge 'catch’ |ower than the
wat er equivalent stormtotal (see RATIOL colum). However, of
the 12 which reported "SNOWN |IP or "M XED as the main type,
only 4 (33% show gauge 'catch’ |ower than the water equival ent
stormtotal. Therefore, those stations which received | ess
snowfall and nore ice pellets/rain showed a nuch | ower tendency
for "undercatch.” Also, 15 of the 28 ' SNOW stations (54% have
a RATIOL value of from.41 to .80, with a nmean for all 28
stations of .68. These statistics indicate significant
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"undercatch’ of snowfall by the gauges.

The nean for "RATIO2" for *SNOW stations is 8.2. This seens
to indicate a rather wet snow as conpared to the typical 10-1
ratio that we’'re accustonmed to using. (Perhaps it’s tinme to
reeval uate this "typical’ ratio, since snowfall often has a
somewhat |ower or higher ratio than 10-1.) These statistics also
point to a need for further study of the nmethods used in
measuri ng water equivalent of snowice on the ground, as the
variability of the data indicate possible problens with a few of

t he val ues.

However, this should not dimnish the inportance of water
equi val ent nmeasurenents/data for climatic records and for
hydrol ogi cal interests (river forecasting, etc.). In fact,
consi derabl e fl ooding occurred in parts of the eastern U. S.
shortly after the stormminly due to snow nelt. In ' extrene
events’ of this nature, it would be wi se for hydrol ogists and
climatol ogists to take note of how the water equivalent reports
conpare with the rain gauge reports. This is especially true for
a nonth such as March 1993 when this event contributed greatly to
the nonth’s precipitation total (based on rain gauge
measur enents), but where the ’official’ totals for the nonth
probably fell significantly short (20% or nore in some cases) of
the actual liquid amunts received. |In sumary--the water
equi val ent reports are very inportant for the climatic records--
not only to get a true picture of the liquid amunts received,
but also to provide a baseline for studying the problem of

9



"undercatch’ by gauges.

As to what can be gained fromall of this, | suggest the

f ol | owi ng:

a. Although water equival ent has not been one of the nore
used/ studi ed neteorol ogical elenents, this stormis a prine
exanpl e of the useful ness of these data when neasured correctly.
| woul d encourage future observing practice standards (i.e., the
FMH) to enphasize the neasurenent of 'core sanples’ (even in the
age of automation). The neasurenents are especially inportant to
hydrol ogi cal interests and climtol ogi cal records, as discussed

above.

b. Recent studies have indicated that the Canadi an ' N pher
shield may be the best available due to its structure allow ng
for better 'catch’ of snowfall. The use of this shield could be
i npl emented on a 'test’ basis at several stations wth frequent
snowfall. Optimally, a three-way test could be conducted with
t he Ni pher shiel ded gauge vs the standard NW5 shield vs an
unshi el ded gauge. O course, the gauge type would have to be the
same in each instance. These data could be compiled with foll ow

on recommendations for precipitation nmeasurenents.

c. Sone equations have been devel oped (Larson and Peck,
1974) for estimating the "true’ liquid anount during snowfal
events. These equations use (as input) the rain gauge
measur enent and estinmated average wi nd speeds. One equation is
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used for shiel ded gauges and anot her equation for unshiel ded
gauges. This storm woul d be an excellent case study for the
application of these equations. Such a follow up study could add

to the table shown in this report by cal cul ating:

1) Estimated 'true’ liquid anmbunts using the equations
nment i oned above.
2) Conparison of these estimates to the water equival ent

stormtotals (INCR2).

This report has shown that the March 1993 "Storm of the
Century" presented an excellent opportunity to study the problem
of "undercatch’ of snowfall by rain gauges. Also, it has shown
t hat the accurate nmeasurement of water equivalent is inportant
for both hydrol ogical interests and for the climatic records. 1In
fact, these nmeasurenents provide one of the bases for studying
the affornmentioned "undercatch’ problem For further information
about this storm you may contact the National Cimtic Data
Center (phone 704-271-4800, fax 704-271-4876, internet
orders@ucdc. noaa.gov) in Asheville, NC. W have a conplete
report about the storm along with several digital datasets of

observations taken during the "Stormof the Century."
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