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ABSTRACT
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—

Measuraments documenting the charactaristics 2L nasarally
falling snow are heing conduct=d to Zorm a statistical ba
inpus t©o the drecipitation modeling effcorts of the Clicu
Branch at ASGL., The major part of ths 1931-32 wintar
wera neld in conjunction with tha CRRIL sponsored, wri-
SNOW ONE-A field sxperiment at Camg Ethan Allen in Jari

TGL snoW characterizatiosn 0

This r2port summarizes the
taiken during 3NOW OMNE-A,

“Three naw instruments, designed and builc at ASGL o neasurs
the fall velocities 2f¢ individual snowflaxes, thea short-farn
variations in snowfall racas and to armine =he crystaliilne
structure of the prevailing snov, are descridad. Discussions are
given on the overall operation of each instrument and exzaplas of

3 2 results are listed in

the resulting data are shown. Availaonl
inary data Juality assessment,
3 T

Th2 initial analysis of the neasurements taken during the storm

of January 3i, 1982 are also prasanted.

o
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SNuA CHARACTERIZATION MEASUREMENTS
AT SNOW ONZ-A

1. INTRODUCTICN

Sno~ characterization measurements by the Cloud Physics Branch (LYC)
of the Alr PForca Geophvsics Lavoratory (AFGL) during the SNOW ONE-A field
axperiment were conducted as part of LYC's hydrometeor modeling efforts.
The decision to participata in the experiment was based on the exchange
of data; that our measurements may be of benafit to other participants and
that we may oe abl2 to use the results of others as innut in our modeling.

The LYC's borrowed trailer arrived at Camp Ethan Allen (CgA) thrae
days beh;nd schedule after a series of frustrating delays in activating a
oalky 7eating syst2m. TWwo of the primary instruments were immediatelv in-
stalled and put into opsration. The third primary device arrived the
following weak, These *three instruments wer2 conceived, designad and
built at ASGL during the summer and £all months of 1981. Although thay
were taestad in the laboratory, their installation at CEA provided the
first exposure to wintar operating conditions. As a consequence, the
initial experimental phase was a combination of operator familiarizaticn
ani instrument testing. As 2xp2acted, the guality of acguired data improved

as the experiment progressed.

The purpose of this initial report is to define the results obtained
by LYC during SNOW ONE-A., Section 2 (fall velocity indicator), 3 (snow
rata meter) and 4 (belt reader) give brief descriptions of the instruments
under our primary effort and a discussion on the operation and data
acjuizition. A more detailed AFGL engineering r2port on these three

devices will be forthcoming in the fall.
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The instruments considered under our seéondary effort failed to
oroduce any results, Conversion of the aircraft Knollenberg 1-D protes
into a ground-based measuring device never materialized because of time
and personnel comnitnments. The ground spectromenar, although installed

art CEA, oroved susceptible to freeze-up, thus vroduced lit<le useful data.

Saction 5 lists the dazes and times that data are availablz. The

assessment of data quality is based on a "guick~look"” analysis and is
subject to change when a mora in-depth study is conduc:2d. A mor2 com-

prahensive analysis of these data will L2 the subiect of a AF3L recor:

wnich should be published by late fall.

Section 6 giwves results from the storm of 31 Jan 82, 3inc2 this =vent
oroduced the longest period of simultaneous measurements of the thrze

primary instruments.

2. FALL VELOCITY INDICATOR

The initial version of this instrument was conceived, designed and
built at ARGL in 1980 for the purpose of recording the physical cnaracter-
istics of raturally falling snow. The instrument was radesigned in 1931
incorporating the lessons learned in %he initial tes%ting and construction
and was completed just in time for SUOW ONE-A,

This device (Fig. 1) uses video recording to continuall:’ monitor snow-
flakes as they fall through a viawing arza of 3 x 3 cm® with a field depth
cf 1.3cn. TWo strobe lights, located below the lower corners of the
vie~sing area, combinel with the reflection from two nirrors jus<t above

the upper corners give Zairly uriform lighting throughout the sanmpling

vclume, The strobe lighting produces multiple frontal images on single




video frames enabling fall

than vertical.

two images of another (.36
ties, with the lower image
misalignment of the strobe
oortion of the photograpas

down upen the particles.

form in Saction 6.

view of the falling flakes.

snow £lake are shown in Fig

velocities to be determined from Xnowledge of the

flash rate and measurement of fall distance. The upper portion of the viieo

frame shows a reflected image from a mirror angled to give a downward locking

This combinaticn of front and top views give

information as to orientation charactaristics (tumbling, oscillation, =2tzc.),
crysctal type, size and fall velocity.

Since the FVI was conceived to record falling snow as contrasted to blowing
or wind driven snow, it was purposely desigyned to limitad use in situations

wher2 the horizontal component of the fall trajectory is 45 degrzes or less

Thus far, the reduction of these data is a slow process of hand analysis
involving photograpnic reproduction of selected video frames from which the

measurements are made. Three images of a 3.64 mm (largest dimension) dendritic

2. Five images of a 1.23 mm particles thougnht to

be graupel are evident ir the left portion of the photograph of Fig 3, with

mm) on the right. The differences in image intensi-
being the most intense, is attributed to a slight
flash tubes. The bright rectangle in the upper

i3 the reflaction from the angled mirror looking

The brightness of this reflection tends to mask the
particle images and could also be the fault of the flash tub2 positioning.

The fall velocity of tne flaks in Fig 2 was calculated to be 1.18 m/s. The
particle on the left side in Fig 3 gave 1.28 m/s with the other giving .87 m/s.

Analiyzed fall velocity data from the storm of 31 Jan 82 are listed in tabular

—




3. SNOW RATE METER
Snow rate, or the amount of snow deposited on a surface in a given
amount of time, is one of the basic standards used to describe the

intensity of falling snow. Values of this nature ars usually determined

from weight or depth readings taken at relatively long time periods (hour
or large fractions thereof). 3hort term variations (minutes), which arz 1
essential in studies such as electromagnatic attenuation, ara thus masked ‘

in the normal measurements. :

The snow rate meter (Fig. 4) was specifically designed and construcrtad
at AFGL to delineate short-term variations in snow rate. This device
utilizes an electronlic balance sensitive to .0l gram and has ra2mots ogerating

capabilities allowing the instrument to be situated free of obstructions
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effecting naturally falling snow. The rszmote sensing head wa
in a heated compartment with the weighing platform and collection buckat
situated on a connecting roq above the heated cavity. The graduated,
clear-plastic bucket was enclcsed by a wind <creen which, as in the casa
of the FVI, was designed to allow the measurement of falling snow with
trajectories of 45 degrees or less than vertical. Largar angular paths
caused by winds of hign relocity creats a pumping effect which, in most
cases, prevents tne snow from settling in the bucket. A snow fence was
installed in a 3 meter diamet2r around the instrument to disrupt the nors

severe horizontal wind components to protect the =quipment £rom wind

damage. Digitized waight aeasurements at ~2.7 second intervals were
racorded on a computar *ape for later analysis. Periodic evaluation of :

the amount of snow degosited in the collection bucket gives some indication

as to snow density,

This device, as expectad with any new iastrument, had its own uniju=2




set of problems. Initially, the on-off action of the thermostat controlling
the temperature of the remote sensing head caused unacceptable drift in
the output. When that problem was corrected, an electronic failure re-
sulted in complete break down. A rushed repair by the balance manufacturer
over the holiday shutdown period allowed operations to resume again in
Januarvy. Binding between the connecting rod and the guiding bearing
caused some data inconsistancies. When these problems ware finally re-
solved, the meter worked well.
One of the major concerns with this instrument was the unknown effect f
of wind action on a balance of this sensizivity. Test runs ware conducted ¥
during periods of high winds and preliminary analysis indicates that wind

action poses no serious problems. Tarbulent wind effects show on the

data plots as spikes but tend to form a uniform envelope about the base
line. Conputer averaging of the 2.7 second data can thus be used to de-
termine the absolute readings.

Plots showing weight vs time and equivalent rate vs time for the

storm of 31 Jan, are shown in Section 6.

4, BELT READER

This instrument was built at AFSL during the £all months and wasn't
actually completed until one week after the commencement of SNOW ONE-A,
It was designed specifically for the characterization of crystal tvpe for
an attempt to relate snow of particular crystalline form with changes in
electromagnetic attenuation, fall velocity, density, etc.

This device (Fig. 53) consists of a moving belt which transports

captured snowflakes into the view of a videc camera. Strote lighting
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provides multipla images of a 1.5 cm? field per frame and records them on
video tane. The instrument has the ability to sample on a continuous

pasis and provided sufficient magnification to identify the internal

structure of indiviidual snowflakas.

i The r=ader performed flawlessly in laboratory tests and proviilad

sxcallent images ¢f the cubic structure of sodium chloride crystals.

Installation in the winter environment of CEA proved to he a different

story. Freeze-uo of the gear drive, belt difficulcies in material con-

position and path drift required continual on-site alterations. The !

!
i proolems were identified and corrected wheravzr possible allowing some g
data to be racorded although the overall operation nor guality of inages
avar equaled that of the laboratory tests.
Figures % and 7 are examples of the data recorded on the storm of

31 Jan. Figure 6 shows four strooe illuminated images <f an irregular

shaped particle as it was transported across the viewing ar=a at 1903:23

on 31 Jan 82. The largest dimension of this particle is ~ 1.% mm. The
cross type crystal in Fig 7, possi®ly crossad columns, was capturzd at

1927:43 and is ~ .9 mm in length. The ~ .4 mm sarticls (lowar imacz:
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probably graupel. A descriptive synopsis c¢f the data taken Auring this

storm is presented in Section 5.

S. DATA SUMMARY
Table 1 lists the dates and times for which data ars availabl= for !
the SNOW ONE-A field experiment. Measurements were attemped on other !

data2s not included in this listing but b=cause of wind conditions and/or

lack of sufficient snowfall, no data were recordad,

427 ¥
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Date Instrument Time Remarks, Data Quality
9 Dec 81 EVI 0830-1030 rair
1500-1700 Fair
Bal 1500-1700 Poor to Fair
Belt e —————— Instrument not on site
15 Dec 31 FVI JC00-0845 Fair
Bal ————mm——e Electronic Malfunction ‘ F
Bels 0030-0200 Poor to Fair
0300-0330 Poor to Fair
13 Jan 82 FVI 1600-2120 Fair ‘ 3
Bal 1645-2218 Fair to Good :
Belt 1600-2120 Fair ;
29 Jan 82 VI 1112-1209 Poor to Fair s
- Bal 11719-1210 Fair to Good '
; Belt 11121208 Poor to Fair '3
31 Jan 82 FVI 1612~2047 Good -
2100-2125% Good i
Bal 1610-2130 Good L3
Belt 1826~2125 Fair to Good .

Table 1. Summary of Available Data Taken by the Cloud Physics .
Branch of AFGL During the SNOW OHE-A Field Experiment.

As previously stated, data assessment is based on preliminary analysis
and is subject to reclassification upon 2 more comprehensive scrutiny.

Wi e e e s ..

6. DATA ~ 31 JANUARY 1982

Flgures 8 is a weight-time plot starting at 1610 on 31 Jan 82, which
shows the actual 2.7s5 raw data received f{rom the electronic balance.
; Figure 2 is a rate-~time plot from the first stage analysis of the data in
{ Fig., 8. The rate in aillimeters per hour is in terms of equivalent melted i
water since, as of this time, the density nf the pravalent snowfall has !

not been determined. In this analysis, the raw data is averaged using a

running mean technigue with the averaging period depending upon and de-




termined

period.

(33

course ofi

ail

ry

analysis.

Time Size
am
1700 3.36
to 5.23
1715 1.7
.26
3.386
2.14
1.28
1.28
1.71
.86
Table 2.

Tine Size
s mm
1900 2.14
*o 1.93
1915 2.57
1.5
2.14
2.19
.51
1.28
2.43
2.37

Taole 4.

on 21

valocitiss

ara listed in

sanpling fren

Fall
During the
1713 on 31

Tables 2 through 5

the storm.

~

parcticle's longest dimension.

ar2 listings of
deterained from the

intensive nmeasurement periods on 31

the remarX colunmn.

VT

Jan.

f varticle

~ C
blzZe 135

from the variability of the raw data over the conmplete

A S5 minute averaging period was used in this analysis.

voe plot clearly shows the short-term variability in snow rate

sizes and
video da%ta =atlen during
measurse

Distinguishing characteristics,

their

samnling
This

over the

nent of the

if any,

These tables list just a representative

the designated periods since time does not allow a complate

Fall
m/s
1.12
1.28
1.13

.59
1.13
.35
.37
.82
«95
.59

Fall

m/s
.72
1.03
1.23
«52
.87
1.23
62
67
1.08
1.28

Jel.

vel,

RemarXks

graupel
graupel
graupel
graupel

Velocity Measurements
Time Peariod of
Jan 82

1700~

Renarks

graupal
graupel
grauvpel
graupel
column

graupel
graugel

dendrite
dendrite

Fall Velocity Measurements
During the Time Pariod of 1900-1915
Jan 82

Time Size Fall Vel Remarks
hath} m/s
1300 1.7 .30 graupel
to 5.4 1.33 dendrite
1815 1.29 .67 grauzel
.85 .82 graupel
6.0 .85 stallar
2.14 .59 stellar
7.28 1.08 dendrite
4.29 .77 stellar
3,86 52 s«ellar
3.0 V62 dendrite
Tabie 3. Fall Velocity Measuraments
During the Time Pa2riod of 1800~1315
on 31 Jan 82
Tine Siz= Fall vel. Remar«s
mm n/s
2000 64 .62 grausel
to +43 .39 graupel
2115 1.28 .59 dendrita
3.64 1.31
3.0 1.28 dendrizce
5.14 1l.18 stallar
1.37 1.03 graupel
2.57 1.18 graupe L
»88 1.4 graupel
171 1.08 graunel
Table 5. Fall Veloclity Measurzments

During the Time Period of 2000-2015
31 Jan 32

on




Fall vel. Remarks

Size

; mm m/s
2100 1.7 1.05
to .85 .92 graupel
2115 1.07 .62
i 1.50 .87
! .43 1.59

; Table 6. Fall veloclity Measur=ments
i During the Time Period of 21100-2115
’ on 31 Jan 82

Table 7 gives wvisual descriptions of the snow particles recorded by the
belt reader during the three intensive measuring periods that the instrument

Wwas operating.

Predominantly i1rragilar snaped crystals, possibly graupel
- Occasional dendritic and columar forms. 4

{(1900-1915)

Mo clearly definable type - appears to be mixture of grapel
or irregular particles with occasional dendrite and stellar

1 2000-2015)
forms.

(2100-2115) Mixture of graupel and dendrite - light intensity.

Tabla 7. Description of the snow particles during the Intensive neasurement
periods 13200~1915, 2000-2013 and 2100-2115 on 31 Jan 82.

7. CONCLUDING REMARKS

Although these new instruments did not operate as well as we had
hoped and the data was not as high a2 quality as envisioned, we are qui=z= ::
pleased with the results of our 2fforts. Steps are now being taken to
correct the deficiencies that surfaced during SNOW ONE-A. Updated versions
of these instruments should be ready for operation before the next winter

season.

It is our intent to publish an AFGL report giving a more comprehensive .

analysis of the SNOW ONE-~A data. We ars aiming for a publication date in




Nov 32, which Jdopends heavily upon the availability of time and neonla i

for tne da<a raduction.

As a rfinal note, any field program, =2ven as small as ou:s, involves a

namber of peopla. In respect to the data presented herein, the mos:t
’ imoarzant coatnridbutisas wera from the Cloud Pnysics tachnical staff who

conducted the ooaraction at CEX - Anthony J. Matthews, MSgt St=onen D,

Crist, SS¢n Deanis L. LaGross and CMSgt Donald J. MacDonald. Extended

2fforts were also given by 3arbara A. M2in in the analysis of the video !
P o e . = . P - . N - C g
data ani by Xeith Roberts 2L the Digltal Programming Serwices Inc. in the D
i
Jonputar analysis.
. . s - . 2
Congradnlations ta R. Redfi=ld and tha CRREL Organization for a fl

successful fi2ld experiment.




dojurotpul £4Looien Tled Jo weddeiq T °duy

AVHL H01D3110D 32HNOS H3IMOd

LHDI1 2804LS =]

0 |

432

\
moanim-—"]

-

HOHHINW

VHIWNVI NOOJIAIA
X08 H31V3H







TLAAY AUl Mouq go (HINVE 25 Ny

434

dONViIVY “.—
QINOHLOITT — ‘hl.llv

Mom YILVIH —

i ;ﬁ-,,
;,_1"__ _“tw
ST HEL
] i
. ~_ _ o
sl
g rﬁf:

|

'

galLvuanvo

Haxvaa i, ‘»

i




CAAPEIH [Hy JO weddui( G dlg

—
A 1~~~ A——

y; T

_ Dind
\\7\ 398n08 —<| |
- \ HZMOd
w\ | 3
. ]

T\A - Z xo@ HALYIH
|

NI
5

YHIWVO
NOOSIGIA

\

X ‘
4O UYL l,_ LHDIT 3804LS |

17349 40L0371700




Fig, & Photograch »f Single Video 7
Belt Reader on Jaruary 31, 16£2 at
1905: 23,

Ry 3
g “*{“}’“ o 13
S r LV e

Fig, 7 Photoerach of Single 7ideo Frame frem
felt Reader on Janvary 231, 1682 at
1627:149.
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