BRIDGER DATA SYSTEM MULTIPDINT SNDWPACK THERMOWETRY
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Introduction

In the spring of 1966, a program designed to study various aspects of the thermal
regime of the sesasonal mountain snowpack was initiated by Montana State University at its
Bridger Hydrometeorslogical Research Area. fne phase of this study has been an invsstigation
of the stability and magnitude of the air-snow intsrface temperaturs gradient. The purpose
of this study is te determine if the interface temperature gradient can be used as a reli-
able indicateor of the snow surface.

Preliminary data indicated that ths air-smow interface was commonly characterized
by a sharp inflsction in the temperature gradient sxisiing acress it. This suggested that
such an inflected gradisnt, if it wers found toc be an sssentially conatant phencmenon,
could be used to delineate the snow depth at points of intsrest where sn-site visits wsre
impractical. In the fall of 1966, an sxpsriment designed specifically teo investigats the
constancy of this inflection under the varisety of climatic variations which ocour at the
test sits durimg an entire winter was undertaken, This paper presents a prsliminary svalua-
tion of the data abtained during the 1966~57 winter together wiih selscted data from the
tests in the spring of 19586, The data suvogest that bths measuremsai of ths thermal regime
across ths alr-snow interfacs on an essentially continucus basis may bs s useful approach
to the detsrmination of snow depth and alse short term accumulabion rates.

Location

The Bridger Hydrometsorslogical Ressarch Ares is locatsd 19 miles (30 km) north of
Bozeman, Montana, on the east flank of the Bridger Range. The area includes several ski
lifts, a varisty of buildings, and an axtensive data acquisition system., A completes de-
scription of the area has been made by R, Rickabaugh {1967}, The environment is primerily
subalpine with a vearly snowpack which ranges in depth from a mexisum of 330 om, to 150 cm,

The two research sites used for this experiment are located at an slevation of
7,200 ft, Both sites ars in open glens with good wind protsciion afforded by surrounding
stands of mountain fir and spruce. The arez used in the spring of 1966 is identified by an
area location number R=20, The area used for the winter of 1966-67 is identified as
location Y=-23 (Rickabaugh, 1967). 2/

Equipment

This study was conducted using a 30 thermistor thermometer, (Figure 2}, attached
by cabling te the Bridgsr Area datz sequisition system. The thermometry system consisted
of 30 YSI thermistors with a 3000 ohm resistance at 259C., spaced at 10 cm. intsrvals along
a 3.5 m, plastic pips from 10 cm. above the ground surface te 2 maximum height of 3,00 m,
Each tharmistor was protectsd by a 2.5 mm. lsngth of nylon tubing te provide flaxibility
during periods of snow settlement and the sntirs assembly was painted a flat white to mini-
mize radiational heating, This unit was then mounted to an "A” frame (Figure 1) located in
a small clearing, attached to the data scquisition system and the sntire unit, consisting
of the thermistors, the thsrmistor bridge, cables and the snaleg to digital encodsr, was
calibrated using the data systewm and 2 precision decads resistor which demonstratad an ace
curacy of iﬁZGCQ During both test psriods, the instrument and ths PA” frame mount were in=-
stalled prior to the first pesrmanent smowfall of the saason so s to disturb the natural
stratigraphy of the snowpack as 1ittle as possiblae,

Nermaily, sach of the thesrmistore was read by the data system on an hourly basis
aithough during certain selected periocds, this reading rate was incrsased te five minuts
intervals. Snow depth at the sensor was obssrvad visually on a daily basis during the test
peried and iz considersd scocurate to within 3 2 com.

1/' Environmental Enginesring Group, Elscironics Research Laboratory, Meniana Stats
University, Hozeman, Montana,
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Results ~= Spring 1966

Operational Results.-- Opsration during ths spring of 1966 indicated normal epera-
tion of the sguipment. The scanner and commutating networks wers located at the site m-20,2/
This necessitated the use of storage batteries for operatisn of the equipment. During this
period over 16,000 individual tempsratures were taken and recorded. Settlement and melting
of the spring snowpack caused bending of the individual thermometer elements and of the
array support pipe. This was largely dus to ssttlement and creep on the 23° slope. This
change in thermemster positien probably accounts for a 2=3 cm. uncertainty in the actual
thermometer position. While settlaement caused the thermometers te bend down, creep caussd
the thermometer column to kick cut in a down slope dirsction. Due to this fortuitous com-
pensation the net displacement was smaller than it would have been on 2 slope not subject
to creep.

Rodents or porcupines apparently tried to eat somes of the potting compounds which
were usad to support the thermistor beads. This resulted in the loss of tha thermometers
from 20 to BO cm,

Experimental Results.-- Data taken during the six week period in ths spring of 1966
was plotted by the computer in a series of temperature=versus-depth plots for each hour. A
small section of this plet is shown in Figure 5 to illustrate the correlation between the
measured snow depth and the point of inflection between the air temperaturs thermistors and
ths snow temperature tharmistors. A scaler for estimating temperature has besn provided in
the lower left hand corner of Figure 5. The scale is 19/C, per 1/10 inch of horizental
displacement.

Eleven thermistors were used to measure the aire-snow temperatures., Thermistor loca-
tions are with reference te the ground as 0 cm. A spacing of 20 cm. was maintained between
sach thermistor in ths snowpack and in the snewe-air interface., The hourly plots start at
1800 on the 25th of April, 1966, and rum to 2400 on the 26th of April, 1966, Tha measursd
snow depths at either end of the plot wers obtained by linear interpolation from ohserved
snow depths on adjacent days. This assumes a constant settlement rate.

Typical spring conditiens of warm air and intense solar radiation prevailed prior
to the period, The pack was isothermal up to 600 on the 26th of April at which peoint a cold
front moved through the area dropping the air temperature to below freezing, A typical mid-
winter dry snom followed with winds from 5-10 mph, Snowfall stopped at about 1500 on the
26th. This rasulted in a tobtal accumulation of 40 cm. to renew snowpack depth of 200 cm.
at02400. Air temperatures during this period of snowfall were below zers, with a low of
-6 at 2400,

The sffect of this cooling on the snowpack is shown by the strong positive surface
gradient which developed during the last 12 hours. The snow surface can bs easily estimated
from the temperature data by noting the point of inflsction in the temperaturs versus depth
curve., This is very streongly evident in the 91200 to 2400 period on April 26. The error be-
twsen the cbserved depth of 173 cm. at 1800 (4/25/66) and the sstimated depth (dashed lins)
is largely due to the 20 cm. spacing used for the temperature measurements,

Results == Winter 1966«57

Operaticnal Results.-= The multipoint thermometer and its support structure were
moved to a new site., This site had roughly the same exposure and slevation as the old site,
with the exception that the slope angle was only sbout 5%. The thermomster was connected
through ths cabling system, to ths scanner and digitizer in the Bridger Data Center, This
eliminated the use of storage batteries at the sits, Data esllection began on the 12th of
December, 1966. During this period of investigation, roughly 76,000 individual tempsratures
have besn taken and recorded, Regular observations of snow depth and thermometer operation
have also been mads.

The principal problems which have been associated with the thermometer arrangement
have been the davelopment of wind holes arcund the thermometer column, the cbstruction of
ssttlement by the projecting thermemeter tubes, and bending of the individual thermometer
slements. Only one failure of the nylon thermomster tube has been observed., This occurred
during the settlement of a very heavy sun crust which caused the nylon tube to be sheared
from the main thermometer support column. Sems creep of a very minor nature has been noted.
This may become more of a problem during the warmer spring months.
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Experimental Results.=- For the purposes of this paper several typical days have
been selscted and the temperature data swamined. The smbility to measurs snow depth from
gradient inflsctions depends upon sssentially constant diffsrences existing ameng the airn,
snow and interface gradienits. Gradient 1 consists of that snow temperature gradisnt which
exiets immediately bensath thae surfecs of ths snowpack,

The second gradient results from the temperaturs drop acress the snow-air intsrface,
A thizd gradieni consists of ths zone betwsen the first two pairs of thermometers abowve the
surface. The position of these gradisnts is shown schematically in Figurs 3.

An examination of the data from two days, January 9 and 9, will illustrats how ths
various gradients vary and relaks, Snowfall during this period occurred in short showers of
very low dsnsity dry snow. Air temperaturss dropped to roughly «12%C, et night and rose te
a few degress below zero during the day. The averags temperature gradisents during this twe
dey pericd were zs follows. Gradient 1, which is in the 10 cm. layer bslow the snow surface,
was $88°Cﬁfcm,; gradient 2, which was sstablished mcross ths snouw-air interface was ,08°C./
cm. gradient 3, which was msasured in the 10 cm. Iimmsdiately above the snow-alr interface
was o04°C./cm., or roughly half of the snow femperaturs gradisnte. The gradient 4, (See
Figure 3), which was from 10 cm. mbove the snow-alr interface te 1 meter abovs the surface
averaned ,001%C,/om. From this data the surface gradient or inflection in the tsmperature
curve is seen te be Trom twice Yo almost 100 times the uppsr alr gradient,

iIf the tesperaturs gradisnits are plobtied against tims For the twe day periods ex-
anined, curves such as plotied in Figures 5 and € ressult. 4 wisual sxaminatisn of thess
curves indicates that only rerely do the air and surface gradisnts have the sams magnitude,
This is particularly true when inversions form such ag st 1300 to 2400 on 10 February 1967.
Significant differesnces ara2 gensrally present in the sarly merning hours whils at neoon
small gradisnits and gradient reversals eppsar to dominats, The period betwses 1500 on ths
9th and 1200 on the 10th covars 2 perisd of snowfall during which the air tewmperature re-
mained almost constantly at -5°0, During this pericd snow and surface gradients were small
and slightly negative. This would be expected undsr conditions of small radiant heabt trans-
fer and gonstent moderats air tewpsraturss. Following ths storm on the 10th strong back
radiation from the snowpack evidently resulted in the development of ths strong suzface
inversien which devslepad from arscund 1300 hrs. into the rest of the svening.

To determine ths sbility of an untrained observer to detect the snow-air intscface
by cemparlisen of snow and air temperature gradients, the following test wmas set up,

The osbserver was given data from the Bridger deta system, This consisted of serial
numeric tampsraturs readings typed in telestyps Tormat. The readings werse ordered from the
lowsst thermistor, which in this cese was locaisd at 50 om, from the ground surface to the
highest thermistor located at 300 om. from the ground. The obssrver knew that ths thermis-
tor at 300 cm. always gave the air tsmperature. With this informatien he was asked to lo-
cate the snow-air interface on the basis of the first significent temperature break. The
results were plotitsd as sstimated denth againet sctual depth and ars shown as Figure 7.
For conveniencs the 100% correlation lins haes besn plotted through the data. With the ex-
ception of one point, 13 resdings weze within the instrument srror of 10 cm. This uncer-
tainty is mainly due %o the spacing used in the construction of the probs.

Conclusions

1 The use »f mulbipsint thermometry as @ means of detsciing the snow surface shows
some promiss, This method has potential uss at remots lecations where ths amount of sguip=-
ment and available powsr is limited,

2. The accuracy of the thermomsitry technique depends upon the spacing of ths indi-
vidual srobe slemsnts and upon the position of the maximum temperature gradient relative to
the snow surface. From presliminary data the delineation of the snow surface appsars to be
best early in the morning and late in the day with the gesricd around 1200 providing the
poorsst rasolution.

3. Imarovement of the instrument rssociviion can be achlieved by reducing the probs
spacing.
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