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IRTRODUCTION

Colorado Etate University Lecume involved in studies of hail for
the first tige ia the swmer of 1959. At thic time representatives of local
farm groups in northeastern Colorudo epproached Colorado State University
for an evaluaiion of a weather modification program conducted there for
the purpose of reducing hail damage.

Ia 1960 a more basic study of the characteristics of forsation of
hall was begua. The successive objectives of these studies begua in 1560
cansisted of the following:

ls Developmment of insiruzentetion for messuring of physical
characterigtics, durstion and frequency of hail ot the ground.

2+ Organization of a fleld netvork Ior systematic observation of
hall and precipitation evenis with the instrumentation developed.

3+ Three-Gimencional field mcaswrements and annlyses of peripheral
data to provide a thorough decceription of hail events.

k. Veather modification experizents based on the knowledge gained
on the preceding stepo, with the objective of attempting to
reduce damaging hall cecwrrence as much &8 possidle.

The initial graat (HOF G-123h4) gave support for the developmont of
the first tvo of these four phases. The second graat (NSF G-1796%) gave
partial support for development of ihe enviroanmental studies.

The purpose of this report is to swmarize the wvork doce to date and
%o make it & matter of record for futwe reference in continuing the

studies of hail.



IX. VYORK ACCQMPLISHED

Ae Instrumentetion (by C. Thomis)
1. Indicator
&s Description

The {ndicater consists of o stand, a 6" x 6" x 1/2"
styrofosa base, ho light’ and hesvy € gage sluatnua foil and
the covere The 2" x 6" heovy fall strip, wsed in 1959 and
1960, wes replaced in 1961 by & 4" 2 W* sheet of heavy fodl
sod placed in the center of tha 6" x 6" pocket between the
light goge aluwxinus arnd styrofoam.

In case of large bail stones, it is very likely that the
2«inch width would no. be encugh to cateh tha vhole dania,
vhereas, with a ¥ x 1" sheet of foil, the chances of having
the whole dent wouwld be groater.

On the stand ia placed the styrofoam, the b-inch square
heavy foil, the 10-~inch square light foll, and the cover in
thod order, and the stand is nailed to a fence post. The
cover, having & 5" x 5" opealag on top, pwotects the styro~
foam pockets and holds thom 4n place.”

be Purpooe

The indicator was desigoed to provide a way of mnaswring

the energy from falling hail stones at scmd particular yart of

letiont fol1® refers to "Reynolds Wrap, Heavy Duty” household alwainue
foil.

2 feavy £oi1" re.t‘oru to 00 - A - 561B, 250 alusinus foll sheet, nill
Tinich, 3% gage

Su “Natlstorm mmga to Crops in Horthesstorn Colarado and an Analysis of
Precipitetion Anomalies Associated with s Cloud-Ceeding Frogram in 1959"
by Richard A. Schlousener, Figure 3, page 415
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the network for each storm individuallye The intensity of a
hail storm may be interprotoed from the indicator in texms of
fi-1be of iupact energy per square foote
Ce What data were ocbtalned
(1) Botwork data
The indicators wore chacked periodically in order to
pick wp the hafl-dmmged indicators as Boon after the hail
storm as posuible to limdit the hall damage per indicator
to coo bhall stoarms Indicators with hatl dente Lrom nore
than one staxm are éifficult 0 interprot, becauwse thoy
show only the swmed effect of the twvo storms together and
not each stoarm individually. A "Eail Indicator Data Sheet”
i3 used, as shown in Talble 1, to keep a record of the
visits made to cech indicator and the other impmtast data
o8 shown on Table 1.
The 1960 data are not shown on the sample "Hail
Indicator Data Shoet” because indicator nuber 1003, used
a8 a saple in Tablo 1, wns added to the nstwork in 1961.
¥hon the indicator wns dasnged by hail, the date of
the hail wos determined froa people living nearbye The
date of the hall and tho pick-up date and indicator nusber
mmcmﬁcdonﬂxelnil—demaedmchatimko After the
hail-damaged pockets ware brought in from the aetwork, the
packet vas dismantled, the light foll is throwa avey, the
styrofoan is retained for further use vhensver pocsible,
and the heavy foll only 1s kept for future referencas %he
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hail date, pick-up date, end indicator nucher is then
trancferred from the light fodl to the heavy foil during
the disuantling, so that the heavy foil is all that wes
retained from icndicators that were dameged by baile.

(2) Energy data

e« Total energy (Etotal)

The energy nuzbers are determined with the aid of
the "Hail Indicator Computation Cheet," as shown in
Table II.

The size Qistribution of all tho dents on the 16 in®
of heavy foil wvas determined asccording to the size
¢lass and “he actual length and width of each dent
wvithin the size class. This was accomplished by using
pou and ink Lo sark the dents a8 measuremcnis are made
of each dente Feoasuring the dents was difficull because
it was imporvant Lhal each dent be messured wvith the
same method in order to get consistent and acceptable
resulis.*

The deats were measured vith @& calibrated ecale
deternmined experizenially by dropping warbles and balle
bearings of different dismeters and observing the size
of the dent mude by each on the hail indicatars. Hence,

the calibration of the scale (plastic triangle) is such

.Tho inaccuracies in the dnora'y values io explained in "An Energy Method for
Relative Estimates of Hall Iutensity,” by Richard As Schlewsener and Faul

Ce Jenningss Bulle of (0,0 peove o, Soc., Vol. No. 7, July 1960,
PPe 372-376.
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that the dirensions maried on the triangle correspoud

to the "dent dlanoter” for euch of the size classes.
The relation between stone diameter snddent diaceter
as determined experimentally ves ploited to form the
curve shown in Figure 1 to aid in calibrating tha scalae
The total number of deuts within each size class
on the 16 in.® of arca gives the dents/in.® for each
size class. The average dent erea was determined by &
"weighted average” wvhich deponds on the number of dsnts
vith differont lengths and widths itself. By eatering
the "dent arca’ acd "dents/in.®™ versus the “energy in
£4.-15/1t% o au appropriate graph’, the total impact
enargy be fou:d for ecach size class. Then the energy
nusbers for each size clase are added to give the total
inpect esergy observed by the indicatars
Those procodures are illustrated by the folloving
exnaple in reference to Teble ot
Analysis of 16 square iuches of heavy foll shows
60 douts of size ocoes BRefcrring to Table 2, ve
£ind 60 dents, all with a length of Q.1 dnch and
e vidth of 0.1 inch. Gince the total number of
dents in size one is G0 can an erea of 16 in.?, we
nay divide 60 by 16 end obtain 375 dents/in.%.
Entering tha graph with 3.T5 dents per square inch
and dent "area” of 0.01 gives sn energy nusber of
5.6 £L-1b/1t%,

%814, ¥igure 6, page 375.
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In the foregoling example it 45 easy to se¢ that
the averege srea is 0.01 in.®, but suppose the
dents are mensured as follows:

16 - 0.3 1ue by 0.3 ine  (oize 2)

hO - 0.2 ine by 0.2 in. |

Then the total number of dents would de 56 on an
area of 16 1a.® or 3.5 dents/in.?, and the average area
vould be computed as follows:

16 x <09 = 1.44

40 x J0h @ 1.0
56 3.0’&

veightcd ava. = :—:)% = 0.054 1n.%.

be Maximum energy (Bhax)

Another cnergy nwber, called xmx » 48 coaputed
on the sssumption that all the deats are of the largest
size. In Table 2, for exssple, the total number of
all the different sizes of douta is 132 on the 16 fn.®
of beavy foll. There exe 8.25 dente/in.q. The largest
dent was 0.7 ine x Oub ine so that the dent arca used
would be 0.28 in.? and when entered on the "Energy
Croph” with the 8.25 donts/in.®, the “Maxiswm Size
Energy” (FOE) is found to be 400 ft-lbs/fi.=.

Ce Hetwork maps of ball irpact energles

The tolal energy values were used in the data
reduction syetes to show ihe relative hailstornm
intensity at variows points throughout the storm
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moveneat. This was accomplished by plotting the
energy values of all damaged indicators for each day
on the network map of Hortheastern Colorado at the
indicator sites. This network map of hail impact
energies, Logether with the redar data snd stereo-
cloud photos was used to describe clovd formations of
hail storus.

d« Cumilative frequency (percent) of hail impact enorgy

The total enmergy (B, ,.,) velues for 1960 and

1961 were used to plot a graph of the accusulated
relative frequency (percent) of energy nunbers versus
the encrgy values. The maximum energy valucs wvere
also used for 1959 (seedsd), 1959 (unseeded), 1960, and
1961 to plot & oimilar graph. This graph shoved that
the seeded days of 1959 produced hail with less impact
energy than the wseeded dsys of 1959, 1960 and 1961.5

es Volume of hail full

Table 3 shows the "total dents per equare inch"

for each tire period by tize class summed up over all
the notvork indicators damaged during each time pexriode.
In 1960, the netvork consisted of indicators 1-959.
In 1961, indicators numbered 1001-1016 was added to
bring the totel mumber of network indicators to 115.

%bommphsms)mnlnt%m?af’chmmucnotmminm
Colorsdo ttate University Hetwork, 1960-1961" by Richard A. Schleusener and
Lovwis O. Crent asd presented ot the Kinth Weather Radar Confereace, 1961



SIZE

/5 =31 May
;‘}-uﬂf
Ty

15 Aug

* Season
15-31Avg
sept.

Ne Dafe

SIZE

/‘/5/”0.]

/5-3(May
JTune
July

/-15Aug.

* Season

% [he "Season

TABLE III
TOTAL DENTS PER.SQUARE INCH

/F60
(77 iédica for.g
- 3.09
3.32

22#53 2558
/77 46 3958

.72 0.00

28.06
/12.00
44205 €932
216 L37
p.27 560
2.90 .

0.2¢
6.63
0.32

0,/0

2.t

/20 0.00

/96 /
(//5 indicafor‘s)‘

3
£.4+6

/47. /6 6%-59
[.74
22.22
/3.69
0.00

3765

/9.08
75.65

98.4r

[8% 66
8347 778

762 B8
33019 17/.59

4—-

0.33
O.5

©.00

¥ 0.00

0.78
0.co0
0.co

Q.00

e.le

0.50
567

/37
0.00
7.5¢

5
0.3%

0. 08
©.00
©.00
o4z
0.00
0.00

0.00

0.0

o2S

8.06
0.00

0.3/

“ imcludes [15May Through 15 August




12
The network of indicators does not include the
indicators serviced by cooperative cbservarse

Totals for the seascn wore used to show iha
relative pagnitudes of hailfall for the 1960 seasoa
and the 1961 season. Additional periods are listed
in Tadla 3 in order to include all daxeged indice~
tare even though they were danaged by hail which
ocewrred oither before or after the regular season
(15 Moy ~ 15 Auguste).

Table § was prepared using the senson totals of
of dents/in.® (Table 3 ) vhich were &ivided by the
mmber of indicators used in the netwvork during the
season to obtain o value of dents/1n.#/indicator.

This value wvas multiplied by the volume of the hail
stona in each size class to cbtain the magaitude of haile
fall in cubic inches of ice per square inch of indicos
tor for each size of hailstooes which fell during the
regular seasons |

The total amount of ice which fell during the full
seoson including all sizes vas fousd to be 0.0196 in.#/in.®
for the 1960 peason and 0.053 for the 1961 seasca. The
1961 velus is approxirmtely 2.7 tizes greater than the
1560 valua soud this indicates that in 1961 the relative
magnitude of hailfull wns greater than in 1960, even
though the data show that more stones in the larger size
classes were produed in 1960



.3 1

.0/57‘,'1‘1./10” o)( l/'d/umdi o ¥ /e ;6”' wuni? arek
/ 7é

é/ stone Si2e classes, o -&/
TABLE "9 .
- R t el
B ssien, el Woeedi koo g TS Ml Y

#-Dia~ Vol.
(i}~ Gn) bentye Otifus i onsti s Ot it

I-(% )-:00/02 44205 4465 .00¥55% 23 330./9 287/2 .00e929 ©
3(Vayoos2 6932 700 .0057%0 30 7157 | 4920 012234 23
3{/a)-0655 663 .06] .00¥381 22 3765 .327% .02i¢ks5 ¥0

4(%).2210 018 0071 .00/7%I 9 754 0656 .0/4+¢98 27
5(l)-7480 042 .00¥2 0031TI /6 0.3/ .0027 002020 %
019587 /00 .053/26 (00
COMPUTATIONS
23000 mi: . 3000mi. x 6#02e, , WIS60fL}y ¥ inl 12.0#3%7 X0
NE Colo. NE Colo mi. ) ac. it nt
NE Coloe.
/1960
19587x )0 inice < [4.587 x [0 2 inlice L AAE Y i W G L4
in? in? /728 in? f13 20001b
X[|2.0%3%7 X IOIZ in* = 3,822,230 Tons ot ice
NE Cole. NE Cesle
196/
In similar manne.a"-
53/265/0 2lice = [0,367,0/8 Teas of ice
in NE Cole,

T _S_ge Taé.;m,




o

Tx;m,mhh

1k

In 1960, 16 percent of the total voluma of hail
ocowrred in the 1-1/8 or larger size class while in
1961 only % percent occurred in this size chu." it
appears that most of the hail impoot energy comes fron
the szaller stonos in both years.
Bail impact energy by size class

Using the total dents/in.#/indicator in esch size
clase from Table b, the hall ixpact energy by size
class was omputed and tabulated as showa in Teble 5.
rrmthanmlizainmhuuchsy,thnuaocim
dent size was found from the curve in Figwre 1, and
then the dent area was found for oach sise cloasse Then
by entering the "dent arca” snd "demts/in.®", on the
logayithmic g-axme, the energy nuwder was found for
each atone size far the 1560 and 1961 hail secasons.

According to Figure 1, the 1/8 in. stone would not
make a dent 4t all and theyefore the impasct energy foor
pize 1 was recorded as rero in Table 5, even though
there wdouttedly vas some energy associsted with size 1.

Tuble 5 showe that in 1960, 32 percent of the hall
iepect energy come from the stanes in sise 5 (1-1/8
inches and lorger) in 1961, oaly 6 perceat of the hall
ixgact energy case from stones of this size. This

50;. oite Figwre 6, page 375
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confirre the fact that in 1961, the greater part of
the ball impact cnorgy camwe from the smaller sizes,
more than in 1950. In 1961 there wore fower large
stones, but the large number of small stones produced
80 much scergy that 1961 had more impact energy on the
average than 19G0. fhol/t in. stones (size 3) pro-
duced & large amount of energy in both years. In 1961
47 percent of the hail iupact energy came from this
size class.

It is of interest to compare the data from
Tables b and 5 vith records of sugar best dmonge in
Hartheastern Colorado. The following oa beat damage is
from Mr. Lymen Andrews, Southern District Manager of
Great Westorn Bugar Compaay, and refers to dasage to
beets ia their Southern District, vhich iscludes all
quthemmdmtmcolmdo,mm:n
Hebraska cast of Julesburg, and in the vicinity of
Boldrege, Hcbraskas

¢ Yoluwze of Izpact Total acres
ice, m.“(:.n.' Ener, of beets
(Todble %) fb-lb?f't' damaged

(Tadble S) (¥r. Aodrews)
«020 Teh h),%20

053 25.5 124,635

2.6511 3.h551 3,011
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2¢ Mouse Traps
a. Purpose

De

The Mouse Traps are timing devices developed to give the
time of first hail fall dwring o starm at different locations
throughout the netwvork arca.

Fymical constructioa

The hail tining device as showa in Figure 2 hes an
aluminua lever vith a paddle on one end and a spring and
release wire on the other eude. The lever is suspended on a
fulorum near its midpoint. The aluminum lever and its associa-
ted parts are shovn in a sketch in Figure 3. A regulsr mouse
treap 16 wsed togeiher with wire, paper elipe, nells, and string

'to form the iriggoring wechanisy a8 shown in Figure 3. The

elock, mousetrap, lever, and all the associated parts ore
shield-d from the weather by a case (made of 1 inch pine).
There vere many changes made on the timing device throughout the
soason to make it porform better. The eprings connecting the
lever arm to the mouse trap bolt were found unfustoned quite
often on the Tirst fev inspection irips so that it was neccazsaxy
to fasten them more securely by bending the ends of the syring
arcund the bolt. The effectivensss of the timing device vas
increased consideradly by changing the lever from a “pressed
masonite” lever to an alimdimm lever, by using oaly MeGill
(silver) mouse tra;s instoad of the Victar (copper) mouse traps
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and by changing the fulcrum from that of two nails to a
fulorua mads of galvanized sheet metal. A reinforeing plate
mode of gelvenized sheot motal was added to the frame body of
the timing device at the upper left hand side of the box to
help keep the frame from coming apart there.
How they work
(1) Pwnction of each part

When the hoil stones hit the paddle ehown in Figure 3,
the release vire No. 1 18 moved and this movement triggers
the mouse trap, which springs shut and pulls apart the
two paper clips shown in Figwre b, letting the cord and
large nail drop down to stop to secoud baond on the clock
below.

Each part of the timing device functions in & serics
of chain events, one after another, in order to stop the
clock as socn &8 {. begins to hail.

The spring attached to the alwiinum lever is pert of
the necessary tension uecded to hold the other end of the
lever against the end nail end also to keep the wind from
vibrating the lever and knocking it out of edjustment. The
release wire Ho. 1 is the only link between the lever and
the mouse trap and serves os part of the triggering mechanisse
Vhen the paddle is hit by hail fall it yelesses wire Hoe 1
as shown in Figure k. The trigger of the mouse trap is vary
sensitive to any movement and this makes the adjustment of
the trigger very sensitive.
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The mouse trap relays the impulse from the release
wire Ho. 1 to the release vire Mo. 2 from its holder and
then the large nall and cord is dropped down into the
position wvhich stops tha clocke
Sensitivity end adjuctments

Nany sdjustmoate can be rade on the hail timing device
which will change its sensitivity, but it is very difficult
to make the sensitivity of each timing device thae sanme
becavse the physical characteristics of the timing devices
are sometimes different.

‘m:mMmthctiaincMummmMcothatn
load weight placed on the lever at the tip of tho end nail
and weighing 80.85 grams would berely release the lever from
the end nail. For the dest adjustment, the end nail was
made nearly horizontal with only the tip iteelf touching
the lever. Tha fulerum was situated such that the paddle
was centered in ite housing, and at tho same tine, the
sring end release wire were moved to a vertical position.
Another adjustment was made on the length of the wire
below the mouse trap trigger so that 1/h” movement of the
lever at the tip of the end nail was required to relesse
the mouse trap.

It vas decided that the large pail should hang e0 that
it rests against tho right side of the ¢lock in a position
as glose as possible to the rolating hands of the clock, and
this wae accomplished by banging the string froa the board



& - — 4

22
above the clock right over the spot vhere the nail is to
hang, and placing the other end of the string, without
alack, in the rear of the left side adbout 3 inches above
the bottom bourd.

d. Data obtained
| (1) Times of first hail fall

After each hall storm, an iospection trip was mede to
the netvork to chack the indicatars and especially to
check the timing device to obtain the ¢lock time in hopes
that the time indicated on the clock would tell the tine
that the firet hail fell for the previows hailstorm. Vhea
the timing devices were first installed on the network,
thay 4id not work very wall, bul after successive adjuste-
ments were made, they began to operate better. The wind
was the vorst hindersnce at first becauss the vibration
of the lever and paddle triggered the mouse traps many
tiness Other causes for the clocks $0 stop were birds,
hoavy rain and vandals.

Table 6 lists the "Times of First Hail Fall" from the
timing device as obtainod from all the inspection tripe
made during the 1961 sesson of operatione To identify the
location of each indicator, the indicator nusbers associated
with the particular timing device are recorded in Teble 6.

A quastion mark in Table 6 indicates that the tiue the
clock stopped may not have been the correct tisme of firet
ballfall, but rather that the clock may have been stopped
by wind, vibration, birds, vandals or other causac.



TABLE 6 (Page /0f3) |
TIMES OF FIRST HAIL FALL :
Indicolort Time™ Ingicaterst Time Indicalast Time |
' 1
-
32 R | :
82 7:15 . 33 $:5772 Bt N |
90 $:257? 3 4 5:03"7 ,
35 w:28° '
: 36 9.55 7 28 /ﬂaj /96/
SMay 176/ oy . T N : s
38 9. 43° 30 8:367 |
None  None 39 /1:37° =y g 28 7 1
4/ R 32z R
W2 /.03 2y G:00.7 ‘\
12 May 196/ 48 2.:08 /072 & - BIER 2
7 4:5Z --
+3 R 50 $ilE
%6 2437 5/ 7:30 ? 29 May, /74
52 Il 54 ? “
53 6:27 ? Mone  None
13 May 196/ A, 7:07 7 |
7/ (/'35 ¢ |
/ q:.0! 7 90 407 30 May 76/
2 R 00/ Ll g ]
3 R /002 R o SlEE.?
+ q:38 * /005 2.08
S 10487 OO 6./0 °
e 8:197 /1007 Z.43 " 3/ May /74
7 5:03 7 . /008 Y26 °
8 /285 ? (009 7:35° 76 R
q NS 1070 B:sé
/0 7.09 ? [01/ 5.36 7
// 6./2 1 jol2 6.3 1 2 Junel96/
/2 9:/3 7 /013  3.38
/3 £49 1 | LT R o / z2./3
/¥ X ga/5 }-53 1 = 2.35
/5 746 2 Dok | FrEt 3 239
/6 6:23 ? & Z2.43
7 c./87 5 2. 49
/8 5447 /6 May /96/ é A
/7 347 7 /2:03 7
20 7:047% Nene . Nonp g R
2/ R | i R
22 /50 /O fS29 8
2% /12 Z0May Va8 // R
24 7:28 7 ~ /2 A
2s % KL 0 R /3 S:20°7
26. 1:51 7 7/ g:37 * Yy S 957
rX4 3 8 &z R /5 R
28 12:13 * yooz R | Y £
. 24¢ 1:29 17 S:57 7 :
S TR /B £
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Table & (cont) o g (ch,"e Zald)
FIMES OF FIRST  BAIL FAL L

Ind # Time Zrd. #  Time Lnd # Time
« & June /95/(&»\7) ¥ June /96¢/ 30 JTyne (76/
/q 60/ 4 ga 5"’3 ? A/Oqe A/onf
20 - 6.03 q0 A
2l A _
P4 R ] July 196/
23 6.0/ 5 June /%6/ -
2 A Mone Noane
25 3:20 None None
&/ A
42 R 3 July 196/
43 ¥:20 8 JTune /9¢/
b4 R 40 c'2¢
5 R Noag Honp
+é /{:30 7
%7 4.:58 ? 4, Tul, 176/
+8 A (O June (94)/
R | - 26 5:/6
53 623 / 5/2 27 5:/8
/005 R E - 5:08 28 508
] /1006 5.297 . 3 519
. /007 R 7 5.25
E /008 R 2é &5:3§ /13 JTaly /96/
/009 5:50 ? 50 5 45
10/90 R =y A Z 3 ]12.20
10// 3.3/ 24 3:20
10/2 9.50 7 3/ 50/ ?
/013 3.23 [Z Tane [76/ 32 5:27 7
[O0/4 5:28 7 33 10: /0
/5 3./3 Nonp Neoue 34 /012
/076 A /006 5:05 7
/008 A
20 Iat {2 Jane /96/ /009 6.00 *
=7 Syl ? /0/0 .55 7
28 3:48 None  Noupe 10// 5./0 ?
27 3¢9 /0/2 g ¥
30 3.59 _ /0/6 /25 9
2/ y.04 e & Jine 194/
32 /1037
33 z2:327 e 7 .00 7 /¢ Tuly 196/
34 5:30 _
4 35 R 2 R
- s o) 25 June/94/ 3 3.0¢
37 5 /e &4 3:08
3¢ .20 24 7. 0% 5 309
7 2:29 6 3./2
/005 z2:29 7 3./3 .
/006 $:/5 ¢

/007 A




bte € (Concluded )

TIMES OF FIRST HAIL

Ind # Time Ind #=  imp
14 Tuly 196/ Loat) /0 A
/] 507
/ i ok SR /2 7./18 *
/2 I:%3? 26 R
/3 R 27 5287
9. - 25078 28 3157
4 | R 29 /0.5 ? |
¢2 .49 30 A |
+8 3142 3/ A i
+9  3:37 22 R ‘
50 R 33 3./57 g
£p/le LA Pl :
52 329 3 R i
/003 R JooS5 R ‘
100% 3. d G AC SN 1
376 VT ‘

/e /?‘.Aj /76/

20 July (96/ - .'
g R i

4o R /12 2:38 :L
¥ 3:00 !

25 July 196/

A7 %7./%/
0 4.55

Neap None

26 Tuly 196

27 132 Y |
28 9.0 | |

29 =377

30 TuLy 1961 |
3

8 R
9 ~

* A Qucs[mn mark |1 Sla"llfns:haf the Time indicated

may nol be ‘The time ot §irst " hatifawe. An R

indicales tThat the c.~2K was still ruaning when inspected.
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Times vhen the timing devices were not tripped (even
though hail stones foll ltthatllouuu)mindiutod with
en "R" to indicate that the clocks were still ruaning vhen
Lrepected.

Examination of Table 6 shows that st the first of the
season difficulty was experienced with the tisming devices,
but later in the season & botter record was cbtained for
the "times of first hail fall.*

All the times showa in Table 6 were taken from the
“Hail Indicatcr Dats Sheets” which were the data forms used
on inspection trips to record the field data. Table 1
shows hov thic data was recorded along with the associated
indicator data.

A "Clock Calibration Form," Table 7, was maintained
far each clock while in wse on the network and saleo before
thay were placed in the timing devices. Table 7 shows how
the data were recorded and hov well a typlcal ¢lock kept
tizme. The plus (+) mark io the remarks column indicates
that the clock was adjusted o run faster, aod & minus (=)
mark indicates the opposite, while & sero (0) merk indicates
that no adjustment was nmode. The data in Table 7 were col-
lectod defore the clock wvas placed in a timing device vhile
the clocks were being calitoated in the laboretory, but
this sample also illpstrates how the dste was kept in tho
field.
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@« How tha data were used
(1) Times plotted on network map

The "Times of First Hall Fall" were plotted ca network
maps for each day of hail fall dwring the 1961 hail
season. These maps, as illustrated in Figure 5, are useful
in tracing the storm movement; in determining the rate of
moveneat, t0 verify the ticea from the wailsd-in-reports,
aod especially to determine the specific times of first
hasl fall as the storm moved over the netwvork. Figure 5
shows the "Tine of First Hail Fall" at indicators 1
through 5« This sample from the 2 June storm shows that
the storm was moving from the EW to the 6 as the arrow
indicates. The "Time of First Hail Fall" at indicator
nuwber 1 ococurred at 2:13 and at indicator nucber $5 at about
£2:49, the amount of tize in between being 26 minutes. This
indicates that the storm moved approxizately 8 miles in
about 26 mimutes, or about 18 m.pehe

Bimilar maps are being yprepared which shov times of
hail fall from the timing devicos and also from reports
from cooperative cbooxrvers.

3« Hail Colloction Boxes
(In sejarate report)
ks Technical Utations (In separate report)
&s Joennings sorter

be O mm comera

€e Joe nuclei counter
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3. Gtulles of Hail at the Ground (by C. Thomas)
le Hetwork
&« Cooperetive cbeervers
(1) Ratings

The cooperative obsarvers were graded by the field
representatives on how well thoy perfarmed their duties as
& cooperators The dutiles of the cooperatoxrs waore associated
vith the instruments they had such as the indicator, timing
davice, c0ld boxes and the mailing in of data.

In 1960, Jeris Donielson, as field representative,
graded the cocperators ou the basis of their efficiency and
interest.

Jim lLake and Larry Eaton were the field representatives
for the 1961 scacon. They mede ratings of the cooparators
and these two ratings (along with the 1960 ratiang) are
given in Table 8.

(2) Card gystem list of nemes
A list of names is kept in card £iling cabinets and
nones are divided into categories A, B, end C.
Category A consists of:
(a) Tvo hundred and nineteen names obtained from
county egents in the spring of 1959,

(b) Fifty-two nomes of the Bortheast Colarado Hall
Suppression Association (NECHSA) directors which
were colalsed from Beb MeCaffree in 1960,
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‘{e) Fifty-four nanmes of persons personally coutacted
by Richard A. Schleuscner in May 1959, who werae
requeated to send reporis of rain and hail, and

(4) Thirty-ithree namcs of persons perscaally coutactad
by Richard A. Schleusener in the spring of 1960.

Category B consisis of:

(a) Bames of persounal contacts by Joris Deaiolaon,
including those accepted indicators sad/or hail
baskets, and

(b) HNames of individuals who contributed to research
equipment in the spring of 196.

Catogory B consists of 59 naoes.

Category C conaists of o 1ist of nemes from L. 0. Grante.
This list coonnsisted of 61 names of people vho vere firsot
coutacted by Joris Danielson during the sumer of 1960, and
this list duplicates in part category “B”.

Catogories A and C are the mailing liste used for
moiling with which information tO cooperators. Category
B was not included bocause most of the naszes in Category
B are alag in catogory C.
¥hat instrumentis they had

Many of the cooperators had fastrunonts with which to
gaother data. Table 8 lists those cooporators who have or
have had an instrument of sane kind, and also listed is the
mailing address, location, and information telling what
instruments thoy hade



(k) ¥hat was mailed ta cooperators
(a) EBewsleiters

Howslotiors vere sent 40 the cooperatoars to tell
them about the progress beoing made in our study of ithe
charncterictios and foxwation of hatle. Figures 6 and
7 are the two novsletters sent out during the 1961
Geasone Jowaletler one wag sent out in April oond novs-
lotter two was mailed in August.

(v) Forms

Forms are sent to the cooperators so they could
enter their data on these forms and send the forme
back to the yrojecis.

Figuwres 8 and 9 are the forms mailed to them on
vhich they recordad rainfall amcunts and hail occurs
reuces axd gave associaled duta as asked for oo ithe
forng .

Figures 10 and 11 are the letiers which acconpanied
the forms that were malled to them as indicated ia the
"Enclosures” of each letters

The "Report of Hoil Occwrreace™ form, Figure 9,
has @ space where the cooperator may indicate whathor
or not he ie out of forus. When he inddicates he is out
of reporting forms, the letter showm in Figure 11 vos
sent to him with four eavelopes and fourr hall reporiing
formse



Amount of HATL ACCUMULATION:

Ground covered 1 5 10 25 50 T5 per cent

or Ground covered 100 per cent and \ inches deep

N aximum WIND VELOCITY accompanying hail

v [:bcentle breeze (Leaves and small twigs in constant motion
[:]SFresh breeze (Small trees begin to sway)
. [ Fresh gale (Breaks twigs off trees)- ‘
[:L§trong wind| (Trees uprooted or broken, some structural damage )

[:L§evere wind  (Widespread wind damage to trees and buildings)
stimates of CROP DAMAGE

Wheat , Per cent damage
Corn, . Per cent damage
Sugar Beets 4 , Per cent damage

Other;. : Per cent damage .

Remarks:
Did you save any hail stones from the storm? Yes No.

About how many do you have?

Other Remerks: { Such es shape of stones, direction of storm movement, etc.)

Location Date Time
Ident

£ Y hElsE|lvw|sw| s|{N| W |yr [Mo [Da | Begin |Dur

1o ) : 20 30

S - | Prec| Cover Wind Crop Damage

shclL Amt. | Dp | BT % % % %

E
' Do not write below this line
1

a0 S0 ¢o




FIGURE T v
ysletter No. 2 1961 Season

STUDY OF THE CHARACTERISTICS AND FORMATION OF HAIL

jorado State University Fort Collins, Colorado

ar Cooperator:

our hail research program for this summer nears completion, I want to tell you
out the progress of our studies.

bst of our time has been spent in collection of data on the hailstorms of 1961.
sme of the highlights are the following:

12 and 13 May - Widespread demage from hail, followed by & late-season snow-

storm.

2 June - Severe damage in eastern Weld County.

19 June - Severe damage in Larimer and Weld Counties (Note: Hail storms
are no respecters of persons -- in this storm there wes 100%

crop damage to wheat on the farm of Lew Grant, Assistant
Researcher on the hail project. Lew is a week-end farmer on
a querter saction scuthwest of Hudson.)

Airplane flights for data collection: Airplanes from the U.S. Weather Bureau
flew missions over NE Cclorado on 16 and 24 May. On both days, 3/4" hail was
repcrted in northeastern Colorado. Planes included a B-57, a U-2, 2 DC-6's,

a B-26 and a B-47. On 13 and 14 July Dr. F. Bates from the University of Kansas
flew his C-45 in NE Colorado. On 1t July he was flying near New Raymer and
obtained data on a hail-producing cloud concurrently with our stereo cameras
located near Fort Collins. ’

Stereo cameras were operated from near Fort Collins for 10 separate days with
hail.

Radar data: The leased set located at New Raymer has tracked 44O separate echoes
between 15 May and 21 July.

Visitors to the project: Glenn Stout, hail researcher from Illinois visited on
14 July. Loren Crow, consultant from Denver, visited on 2 separate days (and
viewed with me the "lake" of hail stones that accumulated north of New Raymer
near Miss Laura Best's ranch on 6 July). Dr. Soulage, ice nuclei expert from
French observatory Puy du Dome, is scheduled to visit in September.

wr field studies for this summer will end on 15 August 1961. However, please
ontinue your reports through 31 August, and mail us your rainfall reports by
4 September 1961,

Snanks for your halp on this summer's project.

Sincerely yours,

Dchak A Aefilcsairor
Richard A. Schleusener
Avgust 1961 Associate Research Engineer



FIGURE 8. RAINFALL RECORD FORM
RAINFALL RECORD FOR MAY 1961

Mailing
Name Address
Legal Description + 5 5 1 N, R W

Instructions: (1) Record rainfall amount each day, and
(2) draw a circle around any date on which
hail occurs, and in addition, send in a
"Hail Report".

1 ,

2 8 1k 20 26

3 9 15 2l a7

h 10 16 22 28

5 11 1T 23 29

6 12 18 2k 30

T 13 19 25 i ]

Type of gage Approximate diameter inch

T P .y W e e



FIGURE 9 38
REPORT OF HAIL OCCURRENCE

(PLEASE FILL OUT COMPLETE REPORT)

INSTRUCTIONS:

1. Please fill out one of these forms for each hail occurrence at your home,
no matter how small the hail stones.

2. Mail completed form immediately to the Civil Engineering Section, Colo-
rado State University, Fort Collins, Colorado; using the attached self-
addressed envclopes.

3. If you cannot give all the information requested, please send us as much
information as possible. Any information is helpful to us.

%

Mailing
Neme Address
(Please print) '
Check here if you have no more reporting forms l [

DATE of storm:

Exact LOCATION of hail occurrence: 1/4 , Sec. , T N, R__W.

a.m.

TIME hail began p.m. Hail lasted minutes

Indicate size distribution of hail
a. Check'(L/’/') smallest stone observed.
: b. Cirele the size of stone that was most common.

¢. Mark the largest size observed with an "X".

s

Shot Grape Walnut Golfball
" n " " ”

less then 1/4" . 1/4"  1/2" 3/4 1" 1-1/4 1-3/4" - 2

If larger than golfball, estimate diameter in inches "

Total PRECIPITATION accompanying hail: inches.

(PLEASE FILL OUT THE BACK OF THIS REPORT)
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FIGURE 10, Lotuer roQuasting buil aud precipitation data from

COLORADO ST HF*I I FERYTY

Fort Collins, Colorado

ol

CIVIL ENGINEERING DEPARTMENT

Dear Cooperator:

Please help us in our hail research studies for 1961. You can help us by doing
the following:

1. Reporting hail occurrences on the enclosed REPORT OF HAIL
OCCURRENCE form. As indicated on the instructions, one of these forms
should be filled out and mailed to us after each hail occurrence.

2, Collecting hail stones during a storm. Pick or scoop up hail stones
from a soft surface such as a lawn as soon as possible after they have fallen
and keep them in a waxed or plastic container in your freezer or freezing com-
partment of your refrigerator., If large or unusual stones occur, it would be
appreciated if a few were wrapped individually in aluminum foil or waxed paper
before storage. Please indicate on the back of the REPORT OF HAIL OCCUR~
RENCE form when you have collected some stones. We will attempt to pick
up the stones you save within a week.

3. Reporting rainfall amounts. Please keep a record of the rainfall you
receive at your home each day on the enclosed card during the month of May,
and mail it in one of the enclosed envelopes by 5 June 1961. We will mail
cards to you later for June and July.

Information on hail research for 1961 is given in the attached Newsletter.

Thank you for your help.

Richard A. Schleusener
Assistant Research Engineer
RAS:mf
Enclosures:
1, Newsletter No. 1, 1961
2. Hail Reporting Forms (4)
3. Envelopes (4)
4, Rainfall Record - May 1961
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FICEE 1. Iotter cont WO couperators vwao had wsod eil of ihair

ropudiing foaruds

COLORADO STATE UNIVERSITY
FORT COLLINS, COLORADO

Department of Civil Engineering

Dear Cooperator:

Thank you for sending us reports of hail occurrences this
summer, Your reports are most helpful in our study of hail and

severe storms in northeastern Colorado.

I am enclosing additional envelopes and reporting forms for
you to use in case of further hail storms this summer., Please

continue to send us reports as you have been doing in the 4past.
Thank you for your help.

Sincerely yours,

(/}/ Arsf 4 “echlociaersy~
Richard A. Schleusener
Assistant Research Engineer

Enclosures:
4 Envelopes
4 Hail Reporting Forms
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(5) How their data are processed
(a) Precipitation reports

The rainfall amounts oo recorded on the mailed-ia
recipitation repoxis are plotied on @ network map in
red vith the U.S. Westher Durcau's Cooperative Obsorver
anounts which are ploiied in blus. Figwe 12 shovs how
these rainfall waxounts are plotted and also shovs the
sysbols indicoting the source of the valuce. Values
plotted with & circle around tham are proecipitation
amounts which were sccorganied by hail according to tha
“"Rainfall Fecord” mailed in by the cooperatar. Values
vith a squuae around thom are precipitation amounts .
accompanied by hall sccording to the malled-in hall
report of the cooperalor who sent the precipitatiom
anouwt in on his hall roporte.

Using the precipitotion amounia in Figuwre 12, an
averlay map can be woed to drow the isolines of procipdw
tation oxounts as showa in Figwe 15. Isolines are
dravn for 0.10 inch, 0.25 inch, mod multiples of Q.25 iauche.

(v) Hail reports

Eoil reports are malled in on the form showa in
Pigure 9, part of vhich is plotted o & notwork map
@s shown in Figwe 1M« Ench circle on the map indicates
that there was a moiled-in report received from @
cooperative cbserver who lives at that location on the
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mope The nunber above the cirele refers to the coded

, number of the most comnon stone size (ses Figuwre 9 for
the size code)s The nudber on the lower right rofers
to the coded awber for the largest stone size, aad
the lover lefi mwder indicates the energy nwibor
eatimated for Mat particular hail storme Whea data
are not availsblé, oo "r* i recorded to iodicate
"missing” datae Also shown axe the times of first hafl
fall and the direction of the storm movemest 48 recorded
by the cooperative cbscrver. When sll tha cooperator
reports for one hall data sre plotted on the notwork
nap, the movement and intensity of the storm con usually
be detormised.

The time of firet hail fall as taken from ihe
malled-in hail reporis were plotted on network maps as
shown in Figzure 15 along vith the duration of the hail
storm in rod fmke Algo plotted with these mailed-in
tizes were tha tivdng device times ae shown in Table 6y
but the sxyple in Figure 15 has none of these times
plotted becsuse thore woere none on 1 July 1961, The
mammmm\pmmmmw.

(6) Acaldysis
Statistical data involving the “Frequency of Hafl,"
"Hadl Patho,” "Hail Ouset sud Duration,” “Percent of
Ground Covered by Hadl Fall," and "Mexdimum and Moot

r
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Coamon £t0 ne Lizos," wero analyzed. The rooculis vere
used to show the uhuractcris’.icsofha:llnmul
be Bpecial noles on cooperative cboervers Lrom ; field txip by
Echleusener and Groat in Septerbor 1961.

In Hew Roymor, we telied to Mr. Walker from whomwe had
reated the houwse. Vo made arrongerents to plek up itews of
Lurniture wvhich had boen left thero dwring the summere 7Threo
bunks are to be brought into FPort Collins by about 1 Hovember
1961 by the two individuals from Fort Collins who are presently
renting tho houtaoe

We chocked with Fre Darker who 18 head of the town council
and acked him about payment of a lease fee for the rader site.
Ho told us we vore welcome to the use of the site at no cost
and that ho wvould be very happy to have Tou Hondarson coma back
to New Reymexr next swIner.

We visited with M. Joha Dlocdom and Mr. He Schug at the
Farmers State Bank in Fort Morgan. We reviewed with thom the
prelisdnary results of tho 1961 season &8 outlined in the paper
t0 ba wresented at the Kansas City Radar Conferencee They
believe that tho 1561 hail damage in Fort Morgsn wea less than
that in 1959 ar 19G0.

Ve alo0 ruviewed the same data vith Mre Arlie Budal in

Bterling.

A

l‘échlcummr, Uchad Ae and Lowis Q. Gront: “Charocteristics of Hallstorms in
the Colorado &tate Univeraiiy Hetwork, 1500-1961," presented at the Linth
Woather Rader Conference, Octobar 196l.
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I called Gail Hoimana at the Seowrdty Gtate Bank in
Bterlinge Godl 13 leaviog os of 1 October to be vice yresident
of & bank 1n Arvada. Ze stated that he would wekes orrango-
ments 80 that funde could be paid from the Hartheast Colorado
Hall Swppression Association oa the sigrature of Arlie Rudel
culy after Le leaves on ebout 1 Octobexs I told him that I
would sead him a billing for the cold dax as soon a8 it srrives
at Colorsdo State Univeraity.

Following is a descripiion of the individucls that operaled
eold boxes for us {n the suwmer of 1961 in the oxder in which
ve vicited them on this trip.

117« Mrwe Frank Wulf (Crado: B)e The box vas oa & concreto
8lad southwost of the shop with the cord yuaning to the south-
woot door of the shop. The shop was located about 50 yards south
of the reeidence. Mrs. Wulf appoers to be the omw/mdoea the
roporting.

Boe B Willianm Krookeb (Cradet B)s The cold box wes located
about 10 yards southeast of the garage with the power cord
beirg strung overhead frau the garage to & light polee. The
power cord was left on the pole at this locations.

143, Marvin Kemball (Grade: A+)e Mre Kemball is a young
man and appears to be aggressive and very interested in the
problem of hail. Tha box was placed northesst of his shop which
is about 25 yards northesst of his residences Ho estirates thatl



%9
the box ran about one-third of the time. The box had about
cue-eighth lach dapih of vater i the box from three and one-half
inches depth of rein that oscurred in August. Mr. Kemball
used his own cord Lo conuect ihe box.

Unit C. Mr. flmer Reickers (Grade; B+). This box was
located sbout 10 faet east of & chicken house vhich was about
50 yards east portheast of the residence. The box had been dis-~
connected as per the instruction given by .he Hewelelter Ho. 2
~for ihe 1961 season.

10R. Jim Xippes (Grade B-). The cold box vas located
about 100 yards norih of the residence, and vas conuected inwwo
a ferm labor house. Mr. Kippes ;smksmold,w-
sive, and gppears quite fuleresied in the project. He has
several sorse at home of high school age.

16h. Miss Linda Yost (Grade: B). The cold box was con-
nected to & pump pil wnder a wicdmill east of the residence.
Linda 15 1h years old and o freshmen st Haxton High School.
Shwtohvegoaesgo&,tox.nmum“wurw
ihe season.

107. Alvin Otsuka (Grede: A). This cold box vas connected
narthwesi of the gervege through ithe norih garege wall. The
garage is located weeti of the residence. Alvin is a high
school student in fedgwick.

167. Harold Woodhams (Grade: B). The box was counected

into a pwup pi¢ 10 feel noribwest of & windmill, located about
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50 yaxrds southeast of the residences Mr. Woodhams is about 55
years old, talks in a rather slov manner, and keeps a very
noat farmstead. He suffered dansge from a toroado in June of
1960.

160+ Mr. Vidlian Jeffers (GradetA)s This box was con-
nected to & mechine shed about 75 yurds northwest of the
redidances ¥r. Jeffers 15 a retired farmer and very interested
ia the program and wvants L0 help next year.

155« Mre Fred Fetzer (Gradet A)e The cold box was
located near o gate Lo a field scuth of the house. The pover
oord was connected to the south wall of the garage. Mr. Fetuex
i1s about 55 ymars old and has a slight foreign accaent.

Unit Ds Mre Dean Brown (Gradet A)s Mre Browa was not
home at the time of owr visit. The box was located southwest
of the garage about 50 yards southwest of the residence. Nre
Brown's residence is swrounded by a large tusber of pdoe trecse

132« MKre Willion Phillips (Crade: C). The box was locoted
about 20 yards southeust of the residonce with the powver cord
connacted to the door of the garage which was locked. Ve
talked to Mra. Phillips who wvas quite eldarlye Evidently Fr.
Paillips had mads o conmitment to take care of ths equipment and
Hrse Fhillips endod up doing the one responsible far it. Thoy
had attespted to twmn the box on and off depending upon whether
or not many storss were forecast for the ares and had cone
8iderable difficulty with it for ithat ressons They would prefer

that they not be asked to assist in another year.
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1%7. Loreu Kirschuer (Grode: A)s The box was counected
northwast of a metal machine shed ebout 50 yards cast of tha
residence. Mr. Kirschoer had been an acuvo.mnber of the
Northeast Colorado Fall Ouppreasion Associstion. He feels that
the box might de located in a better location other than his
residence because ia 15 or 20 years of farming he has never bad
severe hail damage and feels that there is some reason for this,
robably because of terrvein foatwres in his immedianle viclnilye

138. M. Gus Anderson (Crade: A)e The dox was located
behind the house sbout 10 yords north of the residence. Mre
Anderson 48 sbout 45 years old, emall, wirey, and interested ia
the hail project. He suffered sovere hail damsge ia 1961.

We visited vith Mz. Warren Propet, who had flown for Tou
Benderson éuring the 1952 Hadl Suppression Project. We asked
Warren about his opinion on the feasibility of flights into
thundar storm arcas. Iils opiuicn wvos that flights 1ato the
fringes of some ihunder storms would be feasidle, bul that it
would probably noi be feasible to plan on flight tlnough the
hard core of ithe larger thunder stormse He requoacted that he e
placed on the mailing list for cur reporise. His address is,
Warren Proput, Atwood, Colorados

Ve also attempied to visit with Mr. Tom Posergy of Atwodd,
but he was not home at the tine we siopped theres
Ingtrunents

Tie instrutenic wore alther lhoce maintained by the
cooperators or those malntained by the field representativos.
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Table 8 shows the location of the sixteen cold boxes, tha
sixty (60) indicators, and seventeon timing devices uwsed by thoe
cooperatare dwring the 1901 seasone In eddition to the timing
devices used by cooporators, seventy three (73) timing devices
were ploced wilh the indicstors on the maln routes of the net-
worke All 53 indicators on the wost triangle were sccounpanied
by & timing device as were the 15 indicatars on the “cross" of
the vest triangle. A timing device also accompanied five (5) of
the forty-six (46) indicators on the esst triangle of tha nete
worke All the cold bows and timing devices were added to the
network in 1961 The eatire network included cooperators, sbout
90 tizing devices, 17h indicators, end 16 cold boxes.

(2) maflstone studies (by Larry Eston)
In separate raporte
(3) Small drops (by Jim Lake and E4 Ellls)
In separate TOPOrte
Ce Envircamental Siudies
1. Pibal at Sterling, Colorsdo
Pilot balloon observatlons were taken dally Wy Mre Bod leCafirce
at Sterling, Colorado, using & 30 g=. balloon and a single
theodolitas The field obcervatiocn consisted of resding the
azimith and altitude engles to the balloon at intervals at one
minuie from time of release, wntil ihe balloon disappeared from
sighte Observations were token from 2 June 1961 through 16 Auguet

1561,
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To reduco the data, it wus first necessary to obtain the

horizontal distance 1o the bulloone This was done by using
“Tobles for Couputing Haxrizoutal Distance of Pilot Balloans,”
printad by the U.S. Department of Camserca, Weather Burcaus Whm
the aziruih angles and horirzontsl distances are known, a plot of
the horirzontal projeciion of the balloons path - moy be made at one
minute intexrvals on an serclogical plotting bosxds The average
vind velocity 13 then measured on the board asd wind direction read.

Profiles of wind direction and of velocity were then plotted
Ggainst height (feet mes.le) for each observations

Boaxinum heights oblained fram each obServation were listed in
Table 9.

2. Rodar

A 3.2 em weathor rodar set wos oporated et Hew Raymer, Colorado,
botwean 15 Kay end 15 August 1561. This radar set was operated by
dxre Thows J. Heudorson, FPresident of Atmospheries, Ince., of
Freono, Califcornise

Putails of the operaticn of this rodax set ave glven c¢lsowhore.*
@e Tize-la ge photographic cquipsment at the radar site (by Lorin

Blandin)

The time-lopse photograrhic equipment cousisted of (1) &
power suply, (2) & timer wit, (3) a 16 ma comers mounted to
yhotograph the radar seope, and () o 16 1 camera mouated oute
side the radar trailer for photography of cloud formations

b lersol Arcos in
Schleusener, Richard A., and Thouns Je Hendersone Hall Cenesis

and near Bo;-t.hca.st.em Colorado. Irepared for the Crop-Hail Insurance

Actuarial Assoclatione CERSIRASSS.
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The pwpose of the tise-lapse equiiment was to ioke

sizultanecus timo-lopse phiotos of the radsr seope and & partion

of the actual clowds bedng cboerved by redars The timer unlt
wvos used in connection with solenoid-operated 3-digit eounters
40 record the tive (to the nearest l0-seconds) of each photos
By wsing tine-lapse photos, several hours of cloud development

cean be studied in zinuteg.

()

(=)

Power sugply

The pover oupply providos (a) 5.5 ve DCe t0 operate
the solencid which sctustes the sbutters of the cexeras,
and (b) 7 ve AsC. to light tha couaterse The power supply
is mounted 1n a 3" x §" x 6" metal boxs (Sea Figures 16-18)
for schomatic dlograms)
Thor wnit

Tip thugr wait provides 117 ve AJCo pulses o advance
the i0-second and l-zdoute counterse This is done by
means of 8 1 RPM syonchronocus moter which rotates a 2-level
cma. The upper lovel of the cam contalns 6 equally spoced
lobes which txrip o cormally-open microswitch, tims sending
& pulse once overy 10 seconds to the solencdds of the 10«
second countare. When activated, those solenolds advance
tha comnters one digit. The lower level of the can coo-
tains only one lobe, which trips another vormally-open
nmicroswitch to advance the oug-minute counters (Sea
Figwe 17)
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(3) Outside camors

The outoide camera is o Keyutone (Criterion )16 mm
wmovie camora with a single-frame shutter release and a
normally closed chuttere. A Guardisn 6 ve D.Ce solencid
trips the shutlers This solencdd io wired in series with
the power supply, e roaday camera, and a micrcowitch
which is triggered by the radar antenna once per rovoluticn,
thus exposing one frume approxirately every five sccoudse
It is poseible to operate the rudar camers only by discon-
necting the outside caners and insertlsg g "dumey" load
{(another solonoid) in 1ts place. It 46 important to use
this "Qumy™ to properly load the power supplye Kodachrome
color film (f1lnm spoed 10) was used in this camera. The
dons opening should be do . ermined with @ light meter for
best results, but £/8 nay be used satisfactorily for most
cases.

The outeide camera was mounted on one end of an
alunisus cheanele The l0e-second counter and solenoid
vere mounted oa the other end, and a leas holder with &
Serios 5, + 2 Portrs lons (closee-up lons) was mounted
betweon them cad the casersa lens showm in Figure 19.
This enlire unit wves mounted on & tripode 7o prevent the
vind fram overturning the iripod, ea 18" ploce of reinforce
ing steel with a loop at the wpper eod vas drivean iuto
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ithe ground directly below the tripod and the tripod is
secured to it by means of a light chain and & tura-
buckle. he present chein hos "figuwre-8" linke which tend
to expand vhen the turcbuckle is tighiened too wuche
Therefoare, this chain should be replaced with a different
type chalin which would not etretche
Redar Camera

The "redoar" cavera dovotes the camsrs used to photoe
graph the radar scope. A Keystome "Criterion™ 16 ma movie
camera was wodified to give & "nomally open” shutter.

The shutler was operaled by o solencld in the samo maaner
as the outsido camera. I7ri-X negative film (film speed-320)
wes uced with & lens. opening of £/5.6.

The radur cuxera was nounied so that the froal of
the lens vas 19 inches from ‘he glass plate of the scopee
The redar camers mount was coastrusted of 15°/16 conduit
pipe end 1" x 1/8" strap iron. (Supports were provided
for Tom Hondoxson's camera). (See Figures 19 and 20)

A shest metal plale was atiached to the face of the
repeator scope appraxicately 1-1/4" above tiw face (so that
it will clear the Lop of the scope)e Ono this plate were
mouated four 3-digit counters waich recorded (1) the
month and date in the upper -left band coruer, (2) the
antenna elevation (in degrees), in the upper right-hand



‘ 60
Angle brecket (£ N . ey .
/ "’/:P';;l P ) % o b ‘2) ’2‘;- x |« 8 SrRAP 1Fom
g OF BRASS Tviine & Mouks SRS 3" e fea W3 TR A

(BASE)

(see below)

(1) 3t x| K'LA STRAP IROW
wide = .! Hole ar Shewa

(c AMERA SUPPORT)

(2) !-;XIS" Conow‘t
(CRO&S BRACE)

@) 4213 Comowir
Kupmour BRACE)

(2) XILS‘ AwnecrE (Row

(Sunu FoR Tom HENPIRiem'S

Bjk———‘ﬂ i / Cang")
" " {f' / /
; T—1% A BF
| ; vl ¢ 1Y
| ' : : t / - s }_
— & :
.zwh.u L—wzu
i s Hoiks Pok ~ 8 / -
‘ ScREWS TO HovwT
powee svrpLy & gouT 2
] TinER UNIT @3
SPACER

" (4) Brass Tesing (\/
. 2/} Aprror. lg‘h/o.,

B T’ﬁr”_ BB Rt buite 4~

o
ol
S
\
i
)
A
r

D g e e 6

(1) 17 13" smeer

. METAL
BOLT With 8} diq cutad,

£ heles To moyat
‘L_k WELD

; covnters & S.leneids
CounTéR MounTtiNng
PLaTa)

“ “

rPRox. I4 ,‘ Adjugt - 6 . J —>4 l
te clear tep of " i
r-»———.f--——-i
Qaf hal(-". .

feope.

RADAR CAMERA MOUNT

FlGe. 20 (see wore 2)
CSU PROUECT 2445 BT JUNE 1596/

Scus.;f " (apProx) Drawn By LB, Serr. 156/

)
1
B
o |




61
corner, (3) paed e m#uutos since 0800 MST in the
lower lcto-b}d corner, sad (%) laysed time in the 10
second units since 0800 MG 4n the lower right-hand cornare
These couaters were nounted in the coruers of the camera's
field of vision vhich was approxizately 7-1/2" x 10-1/2"
wide at 19 inches distance. The pover supply and timer
unlt were also fesiencd to the camera mounte A 12 Ve
bulb (Mo. 67 W) to Mght the counters vas mounted approxie
mately half-way up cach of the uprights of the france
These bulbs were suspended from the top of the frame by
their eclectirical wires. The uprights were partially cut
away to perwil access o the bulbse. Tho openings were
covered by meial sleeves vhich f£it saround thewrights.
This 18 done to prevent stray light from strikiung the
radar scopes The light was “piped™ to the counters by
tubular pleces of lucite which had been bent 0 that they
are alzed at the counter at approximately a k5% angle.

It vas necoscary Lo avoid sharp bends, eince sharp bends
destirgy the light "piping” qualities of the lucite. The
end of the lucite “pipes” should be approximately 1/2°
from the counter in cder to avoid reflectivas which would
ba seen by the camera. (The present equipment does not
moeot these specifications and should de modified for
better photos)s The lucite "pipes” are held %5 place by
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tubing (vhich makes & snug it with the lucite) which is
soldered to the upright over @& hole whigh allows the light
from he bulb to strike the uppor end of the lucita.

The entire mount is covered by a black cordurcy hood
to shut out rosu light. The hood is 1hW" deep, 22" vide,
and 36" high with & hole, covered by a flap, in the froat
for checking the interior equipment.

(5) Intercommnection

The various componenis are connected (See Figure 18)
by Whitaker "eads" soldercd and crimped to the wires.
These ends sre then inserted into the jroper connection.

(6) Dates and times of ypho.ography

The dates and times of opoeratioa of the time-lapoe
cauere equipsent for cloud photographs are showa in Table 10.

Details oo dates and timer of redar scope photographs
are given elsevhorc.*

»
Echleusener acd Henderson: CERSIRASSS, Table 1.



TABLEZ 10

CLOUD TIE-LAPCE PHCTOS TAKEN AT

RADAR SITE-19613

~ Jime (¥57)
DATS Bezin |  &End FEET
13 June 1605 1630 10
29 = 1535 1650 40
7 July 1500 1800 55
C 1420 1636 b5
.28 1550 1500 50
1 Aug. 1140 1625 70
3

Test
Tesd

For a rscord of time~lapse photos taken of the

radar scope see Table 1 of the above report.
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Eail genosis arco analysis~-~topographic 1ift compuintions
(uy Loren Blandin)e. \

Topographic 14ft is the ifting effect which results whon
8 vind blovs against a change in elevation of land. It is
couputed in terms of FEET (of increose in elevation.) FER
HOUR. The pwyose of the computations and analysis is to
deteraine whether or not (topographic) 1ift 45 e significant
factor in the formation of heilstarmse. The puwrpose of this
report 18 to explals the proceduwre used to compute and apalyze
1ifc. All data, excepl the ploits of echo contyoids, axe in &
sopurate notebook titled "Genecsis Arca Annlysis.”

Terms vhich moy need definition are origin, geneeis point,
echo, track, area of interest, sad 1lift difforence. Echo refers
to the radar echo (bright spot on the radar scope) of an area
of a cloud vhich containe enough precipitation to be detected by
rodars Origin refers to the location &t vhich & radar echo
first became strong enough to be detected. The genvsis point is

an arbitroayy point sssumed 10 bo the location at which & cloud
begens to forn. L&eo sectica G)J. A treck 1s the epproxizals
path of the centrold of an echo. Arca of interest refers to

the area within & TS5-naulical-zile radius of the radlsx station.
1irt difference iz the 1ift at the genesis paint =iaus the

aversge lift of the four swiounding points.
Tho criteria for saleciing the echoes for 11t computalions

are as followa:
le Origin ccowred within area of intereste
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Origia occwrred vithin the first two hours after
the dstection of the first echo of the day.
Echo duration wvas at least h5 minutes.

Cell formation was not fnfluenced by other cells.

There are five steps involved in 1ift computations, (1)

plotting the centrolds of echoes, (2) finding wind velocities,
(3) £3nding elevatious, (%) computing 1ift, and (5) analyzing

the datne

(1) Plotting echo centroids

The cectroids of the echoes are plotted ca & &* x &4*

sheets of tracing paper 10 a scale of 1:1250,000 (100

rauticol zmiles equal 29.06 inches) with the aid of a polar

coordinate grid wnderley oand using the following syzbolic

notation (See uote (a), Lelow).

(n)

()

{e)

(a)

(e)

A szall ecircle designates thoe centrold of the
arigin of an echo. (Sew Figure 21)

A &ot designates the centroid of an aecho at &
padnt (us recorded by the radar cbserver) along
its track--a track pointe (See Figwre 21).

A straight line i used 10 coanect ithe origin and
successive track points of each echo, thus
{rdicating its tracke

An wrrovhead indicates the approximate location
at vhich the echo disasipated.

An wrrovhead ending on the track of another echo

izdicates that the echo merged with thedther echo.
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(£) A center line { ) 18 wed to indicate

the epproxicate conter line off a long echo.

(g) Vhen an echo crossed the bdoundary of ths ares of
interest, 11 track 18 sicply begun or terminated
at the boumndary with no special notation.

(h) At cach echo location recorded by the radar
observer the echo nusber end the tice are indicoe
ted DY WO puzber groups separated by o dash.
When nore than ond day's echoes are plotted on
& shoel, the day of cach echo 13 indicated by &
third nuober growps For exaxple, 12-1420-20 wmeans
echo Ho. 12 at 2:20 pa on the 20th of the monthe
(See note (b) below.) For the lift copuistions
only the genssic point and the first track poiant
axre required.

(2) Finding wind velocitics

Singe wind direction is used in finding the elovations
ed wind specd 1o wed in computing 1ift, it 15 necessary
to deterzine the wind velocity around the genesis points
This was done by plolting the 1800 Z 8,000 ft. winds for
Denver (D), Goodland, (GLD), Horth Plette (LBF), Chayenne
(C¥s), Scotteblulf (3IF,farmerly SCT), and Sterling (S7K).
The Sterling wind data vore obtained frem pilot balloon
cbeervations. (See section IX«C-1 of this report.)
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The date for the other stallions were cbtalned from teletype
reports obtalned through the U.S. Weathey Buresu st
Stapleton Field.) Flow lines vere then drawn oo the maps,
aad the wind velocities are ectinaled by lntarpolating
between those lines. The sare wind was wsed for the
geneeis point and the four surrowding points. {(Zce below).

Finding elavetions

For the woposes of anelycis tha gonesis point was aseuned

to be 10 nauticsl ziles up-motion from the origla. For
comparison, four swrrounding points--ang in each cardinal
&irection from the center (genesis) point--were selected
ou & 20 - nautical - mile radius from the center point.
Blovations wsed in the coaputations were chooson 5 nsutical
oiles oa elther nidé of point belng analyzed on a line
paradlel to the wind directiocns All of the above poinis
arge marked on the &' x &' zhects and labelled as shown in
Pilgure 21. Esch 4' xX'%' ohoot was then overlaid on o
topogruphic map, and the elevations wero road to the
nearcst 100 fect and recorded.

Tha topographic map conciste of six stendaxd topographic
naps LSoa note {6)(c) velow ] hoving & scale of 1:250,000.
licte that the contowr intorval e 200 ft. for the vestern
three meja, and 100 ft. for the eastorn threae



{(4) Computinm 14ft
Thae formula forr Life Lo

/ Im-é—ha-.y

Ah = dowvawind clevation wminus upwind elevation (£t)
& = distmnce belwecn elevations (10 msutical miles)

v = wind syead (knots = nautienl miles pexr’ hour)

p § xpfe;ut. Eio-rto

therefore: LIIT = suee—om o e o

The aversage of the lift ut the four swrrounding polnts
vos caleulated in order to caupare directly with the lift
wb the gonesis polal. The former vas subirscted froa the
latier to give o "14ift difference,” the sign of which wus
wed to deterzine the significeace of the dats (Ses scotioan
(5) below.)

Following are explanctions of the dsta sheels used in
this computation.

Hind. The first colum contains--in symbolic
nolstion-~the spproximste wind velocity for 1800 z at
8,000 £t vind at the genesis poiat for each ccho.h

Dote, Echo jis. In the scoond colurm tho camputations

are listed chroaologicelly by date and sequentially by
echo nuxber. The dateis written only on the Lirst line
of computstions for that date; the echo nueber 15 writien
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on the first line of its group of five canpututions.
Zchoas which produced hall are indicsted by writlng the
word Hall bolow the echo number. (See note (6){e) below).
Beho time, pointe In the third colwwm the tize of

origin of the echo is recorded wauder echo tirme. Under
point the "point location’--3; B, 8, ¥, and ¢ (See note )
1s recordad. (See Pigure 21).
Elevations. ¥Yor esch point the downwind end wwind
elevations are recordsd in columas % and 5, respootively.
&4 is the changs 1in elevation frwa wpwind to downwind.
(See Section h).

LIt of swrounding points. The individusl 141t

valucs for th2 four swrounding points oaly wans rocorded
1o colwnn Te

L Lift--The sua of the values in colwm 7 for each
echo is written in colunn 8.

LIFZ--The avercge of the 14t values st the four swr-
rouadisg points, is recorded in the niath colwme Tho
11t velue at the genesis point vas recorded in the tenth
Colwin.

1ift difference--Colum 11 contedns the gign of the

11t Qifference (geresis point 1ALt minus the averege 1%
of the four surrounding points)s. Soe note (6)(z) below.
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For « le, for ea extrone case, one point might have
boenm’apea.'svbiln the oiher voe 1na‘vnnny, vhus giving
a very large veluo for A , but the actusl slope trend
way have been Iin the oprosite direatiou.

Also 4n 1501, three types of & "roughness index” were
investigated. Tho first was oinmply a couat of the nwsber
of contowr lines crosced by a straight line between the two
elevation peints, (taking inte accowat the two diffarent
contowr fatervils) for esch palr of elevatiocns. The second
found by coupullng the standard deviation of the five
dowavind elevetions (sny five consistent elevations) could
have been used, for ¢ach echo. The third roughness index
wao Jownd by coupuiling the standard deviation of the five
ah'e far coch cciw. All three indices were discaxded.



SUMMARY OF DATA 1961

Lift Averaces

Catecory G;g:gé: ) ,u;:oi::ging Difference E:. - Caiea 12 Frob,
I Hail 42985 - 938 +3923 14 13 <037 «80 to ,90
Kon=iiail ~14585 -13,020 -15C5 36 31 373 «50 to 70
II Hail +1415 + 426 + 989 10 10 «CC0 99
Fon=-flail - 300 - 1,903 +1603 25 i9 «E2 30 to 50
IIT Hail + 20 - 310 + 330 2 «20 «10 to 20
Fon-Hail + 550 - 763 +1318 1 544 0.02

Cnly category III Non-Hall cases were significant.

At the 5 per cent level.
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(6) Spoctal Notes

() In some caces in 1961, the outline of & very large
echo was indicatad by dashes. Oince this s unneces-
sary sod tends Lo be confusing, it should be disce:tinued.

(v) Tho date(s) of all echoss cn & sheet are writtem in
in the lower right corner of the sheet with the level
(surface, ic all omsos), the dute ploited, and the j
Plotier's initials.

(c) The topogrephic meps used are as follows: K 13-8
(Choyenne), MK 13-11 (Greeley), WJ 13-2 (Deuver),
KX 13-9 (scottsblmff), MK 13-12 (Sterling), and
57 13-3 (Limon). They are for sale by the U.5. Geclugl-
eal Swrvey, Denver 2, Colorado.

(4) The sysdolic ro ation indlcstes the vind syeed to
the nearest 5 knots. hl*l,meﬂucyodm
eonverted to (statute) miles per hour for the Mift
aompiatiy/are actunlly Tho-gtet: xi-/sc. Bi.-br.,
and are therefore high by & fector of 1.15. In the
.mmmml%lm«l:tbeuﬁm
of two values wus weed 50 the sbove error hud no
effect. However, any time the actunl valucs are used
this error should be taken into sccount.

{e) 1In some cases ia 1961, the dwration time of the echo

was also recorded in columm 2.
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The 1961 14ft computations vere made before the

fourth criterion was impoceds The echoes which wet

/ this criterion sxre indicated by a diua check after
the echo nuaber. The 14t valves for theses echoes
were then copled outo separate shocts, which are in
the swwery section of tha "Genesls Area Analysis”
Botabook.

(;) By alweys rocording the points in the same arder--
Hoxrth, Bost, South, West, Center (genesis)--a pattern
is szt znd errors are reduced.

{g) ©ea seciion 5 for explanstion of astericks.

In 1961, tin velve of 1ift differenco vao
recorded bul only the oign is neteasary.

(1) The coses to be cmitted for category 2 were indicated
by & red astarisk.

(1) Category 3 sluo cmiis the cases omitted far ecategory 2;
Additional cases to bo cmitted were indicated by a
L1lue ceterisks.

5» Fuotographic Data Collecticn
fs OStereo Cnzaerss
(1) Objectives
The yurpose of stereo cameros &5 Wweaed dwring the
swaer of 1961, vas to deteraine from groundlocations the
special positions of identifiable poiats oa clouds, the
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primary interest being 4n the development of hafl clouds.
The woits were capable of locating e polat with aan accurscy
of 1/500 providing thut the distance of the cloud from the
caiera vas nol more thaa 20 tices the dbaseline.

Equiptant

The camersn used vere type X-2h perial cameras toking
5" x 5" pictures mounted sizilarly to a tronsition 20
second transit platzc. A traneit scope was fastened to the
carero in such & oouwnt that the optical axis of the transit
vas paresllel to the optical exis of the camera. The
unit was operated in the sooe senner simdlar to & transit.
The consiruction of the carera mouatiog ellows the horizon-
tal direction of the camera to be set to 15 seconds, end
the vertical direction to be set to 20 seconds.

The cumora could be fired either manually or electricslly

wvith a 2% VIC source of power. The horizontal sisbility
of the camera with respect to changes of aszimuth while
firing wes found 10 be greailer vhen fired electrically

than woen fired manually. Accuracy of the vertical setiing
ves 1lucreassed to 10 seconds by sdjusting the cemera to a
horizontel position by meens of & surveyor's level bubble.
This leveling reotriciion linited the csmeres field of
viev to a 20° vertical span izwmedictely above the horizon.
However, virtually all of ibe clouds of interest did not

exceed this height.
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For case of reductiou, the glass plate vhich held the
film in plece was elched with ¢ross hairs vhich were thon
reproduced on each phqtograpb.

An inforzaiion board with a condensing lens was placed
in front of the cuwera so thai pertinent dste such =a tine
of exposure, dale, direction of picture, andphoto nuaber
could be recordad on the film. The arrangement of the
location of the condensing lens is shown in Figure 22.
Field Operation

(a) Field geometry sad orieatation

Three polnts vere established Northessat of 'Fort Coliins
vhich foarmed & triangle whose three sides served ss base-
lines. The caierss ware set up oa tvo of the three
pointse The bascllne coaneciiog those points was assuzed
t0 be & true North-liouih line &0 far &s the horizontal
orieatation of ihe cexeras in the field wvus concerned.

The Northernmost camers was set 0 that the szimuth scale
reed 180% when sighting on the Soulheramost camers stations.
In the same manner, the Southernmo%t camera was set

such that the azimuth index read Q7 vhen sighting on the
Horthernmost cuzera station. This procedure set the lower
plates of bolh camerns in the same positione Thus with the
same harizoutal sebl ing on Vo h cameras, the lines of sight
of the cameras would be parallel, as shown on Figures 25
end 24,
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(b) Methods of photogrephy

Photoampbo vere takea frow both camerss aizultancously
with caxeras madttthonaiclom. Class D radio
transceivers vere used for communication and 4o give cone-
pand signals for firinge. Picture frequency was determined
princizally by ocbvservation of the ¢loud rate of growthe
During relatively stable perd ods, 5 minute iatorvals
between pictures vas used. During active cumulus growth,
1 minute or 30 second intervals were used.

All of the photograph peirs taken were taken with the
optical exes of the careras parallel. A stronger analyti-
cal solution would heve resulted had each camera been
sighted directly on the cloud of inter¢st. However, for
the wechanical solutions described in the section on

computation, it was required that the axes be parallel.

(¢) Field chocks

Certain checks were wade in the field to minimize
errores bGiace the aziruth plate wus set by sighting the
other canmera satation with the transit scops, the accuracy
of the azimuth setting was determined by how mearly rarale
lel the optical axis of the transit vas to the optical
axis of the cazera. To be sure that the two axes had not
changed from their adjusted parallel position, & test
photo was taken at the beginning of each days shooting.
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A ddstant, well defined point was centered on the transit
cross halrs a.ng a phct.ograpquon. If the cross hairs
/ of the cauera plate, os reproduced on the photograph, were
centered on the point, thes the scope axis and camera axis
vere considered to be essentially perallel.

A second precaution that was taken was to check the
orientation of the azimuth plate from time to time during
a days shooting jarticularly vhen mognozines wore changed.
Thies asswred against errors due to slight wovement of the
FPlate dus to vind vibration or physical haodling of the
camera unite. '

(%) Roduction of duts

Two types of reductioa will be uzed in the analysis
of the resulis. OCne type is an analytical reduction of the
special positica of individual poiats; identifieble ca both
of & photograsphice paire. The other type will be & mechani-
cal solution pwroducing directly to sosls a profile and plan
viev of & cloud or cloud syclem.

(a) Analytical reductian--By knowing the orientation
of boih pholtographs at the tiwe the plotures were
token and the location of any point under con-
sideration on both photographs, the spacial
locntic.m of the point may be conputed. A Haagstreit
coordinatograph was used to locate points on the
aegatives. The distance of the pointa from the

two sxes vas deterndned with en accuracy of .02 mu.
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Due to the tiue ianvolved in coxputing the
point locations a cemputer program was cet up
in the Intercon Interpretive Double Precision
Routine code for use on either thae Bendix 6-15
or IBM 1620 machine. With the program, data ware
ertered manually. The program hss sinece beea
rewritteon ia the Foriran for use with all IBM
mochines, and wilh the nev program, data eatry is
acconpliohed through cards or tape.
(b) Error sanlysis
The exjeriventally deterauined probable error
of a point location was 1/800.
(e) Mechanicul reduction
This method ves designed a8 & rapid contioucus
reduction of the cloud outline to scale doik In
plan end profile. The scouracy of the point loca-
tion by this method is approxizately 1/200. Cne
restriciion of the mechanical reduction is that
tho cazera axes must hove been parallel when the
pictures were taken. This restriction does not
apply to the analytical reduction.
(5) Datn obtaired
Toble 12 swmaxizes the data obtained frem the stereo

cameras Quring the sumcer of 1981.



TABLE 12. DATA FROM CTEREO CAMIRA

Hoy 11 - 50 pairse, 1505 - 1712, South - Foundation

8ighting northvest.

1

Yoy 16 -- 16 pairs, 1220 - 1247, wheat - Gouth,

sighting northoast.

Hay @4 ~= 57 peirs, 1216 - 1300, vheat - South,
aighting Southeast.

Moy 30 -- 30 yairs, 1135 - 1422, vheat - South,
sighting West and Bast.

May 31 -- 33 poirs, 1115 - 1410, wacat - South,
sighting Yeote.

- T pairs, 1512 - 172%, Foundation - Gouth,

sighting Southeust and West

June 1b «- 3% pairs, 1100 - 1236, vheat « Foundation,
sighting West end Fast

Jung 19 == 7 pairs, 174h - 1759, wheat - South,
8ighting Zasct.

Jung 26 -~ 130 zairs; 1235 - 1643, wheat - South,
sighting West and Bast.

July 7 == %3 pedrs, 1705 - 1829, wheat - SBouth,

8ighting Eeat.
sighting East
va 27 - 10 Iﬁim, 15’35 i 1563’ \ihmt o m'

Auge 1 -« 100 palrs, 1149 - 1526, wheat » Eouth,

sighting KE to CE.

83



be 16 mn tixe-lopse photogrnphy
(1) Objective

The 16 mn tise~lapse photography wao used to record
the davalopmuent of cloud cells and portions of calls over
an extended length of tize through the wse of a wovie
camera taking one frame evory few seconds.

(2) Eguiyment

The casera used was & Keystons 16 mm camera equipped
with & solencid far electrical firiang of one {rasze at a
tive and apporatus for autamatie electric windings A
Motearological Resesrch Ince timing mechanion sutcmatically
fired the camera ono {rame ot 4 time oo & preset, adjust-
adle tino futerval.

A lens condeasing oystem was sed in froat of the camerw
to record Lhe tine of each {raame., Both the caners and
condenaing systen wore nounted on & two-inab elusinus
chaanel supported Ly o tripod. FPigwre 25 shows the location
of the coulansing lonses and clock for each of the three
lenses Uscd o the cazmerze. Tho lenses and camera are
attached to & tvo-fnch alwninus channel which was slotted
to accomnodate the iens holder and elock boarde The
channel s supparted by & standard camera triped. The
condansing lenses used were saries 5, 41 and +2 Kodak
portra lensec.
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(1)

Field Operation

The tize-lapse movies were weually taken at the stereo
camers pintions while the cancoras were in operations Very
often, the sara cloud or system was the objact of boih
stereo and {lie-lapse camerase. On some days when the
storco comeras vere not in operation, the tice-larse wait
vias opoeratod Iron the roaf of the Engineering Buillding.
Data obtalnod

Teble 135 pives o suwwary of the dats oblained from tho
16 wa camers duriung the swmor of 196l. (Hotes teg also
section IX « C - 2 ~(a) ~ (6), Teble 10, for additional
tixes of 16 mu tice-lapse photography taken from radar site
at HNaw Reywer.)

he Alrplane Flighie (In seporete report)
5. ¥Focsisdle Data

Table 1% gives a st of fax waps available far wse durdng

mpmoammmma'wmmmzsaawtm.




1E 13. DATES ARD TIMES OF TIME-LAPSY PHOTOGRAPHY
. ! . ! S
Loca: Direc- || Loca= ! 1 Uirece
te | tion |  Time Lens! Ft.| tion | Date  tion Time | Lens Ft.| tion |
1-61 | South ~ 1510-1530| Reg 5| K| 6-19-61 Gouth 1246-1310/ Tel 9 | 90
i | :
1530 | WA Pan 1331-1429 Reg, 17 | %0°
15351621 Reg 15 | ¥KE | | ; Pan ’
6=21=61/ South | 1615- Reg' 22  270-
1623-1722 WA| 19 | N ,i A T
| 1620 Tel| 7 %W |
1730 | WA Fan | 3
\ E , 5 g 1655~ Reg, 2 70° }
6-61 | South O912- | Reg 11 | 250° 1720-1757 | Reg| 9 ’ 9%° |
1135 | Reg Pan
| ¢ || 6-6-61 south | 1122-1526 | Tel 36 ec®
N Reg, 6 | 250 | ' |
o o \ 1526~1628 Tal! 8 S 11¢°
1148~ Reg & |2 . : -I
"; w 1628-1705 | Ted | 10 | 120° |
151 5= Reg 20 | 160° |
| 7-7-61 | South | 1612-1722 | Tel 25 | 120°
=61 | outh!| 1133-1212| Reg, 13 |7C°
9 i Y 1722-1810 | Tel | 15 | 45°
1212-1 Reg |
a wki 4 1810-1843 | Tel | 11 | 140°
1525-1548 | Regi 7 |160°
. 7-14=61 | South | 1452-1516 !Tel| 8 | 6C°
0=61 | South| 10411 Tel 240°
ol e " 1516=1546 | Tel | 8P
161 | South| 1022-1141| Tel| 18 |275° 1548-1638 {Tel | 6 | 90°
1209-1233 | Tel; 9 [25¢° i
; 8-1=61 | D wing | 0804-0821 |Reg | 5 | 3C°
12331312 | Tel, 5 225° -s e
; 0827-1038 |10 38 ecl
e el |
3 | 1312-1400 | T ( 7 3215" s orss Tl 18] 600
) 1 Tel| 68 [33C° |
~ e E 1140-1321 |10m 30 | 20°
=1 ; gouth | 1204=1341 | Reg 31 110°
t 8 8-2-61 | D wing | 0923~1324 {Reg | 71 | 225°
- 1353-1535 | Tel| 33 |310° 0
; I 1324-1458 |Reg | 29 | 16U
81
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57
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75
81
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TABLE 14, FAX FAP3 AVAILALLE

DESCRIFTIOR

5 day forecasts, Tue., iJed, Fri.
30 day outlook, 1st and 15th.
Radar suimary (oz)

Weather dopiction (oz)

Max, Temp. 12 hrs. (oz)
Stability and precipitable water
Radar suuuary (o3z)

Weather doplction (o3s)

850 mb, analysis (oz)

&Fo. analysis (o3z)

700 mb, analysis (os)

SFe. analysis (oz)

500 @b, analysis (oz)

24 hre 500 mb, ard Voot. Proge.
Fax. wind aralysis (oz)

300 mb. arnlysis (os)

200 mb. analysis (oz)

Radar sunnary (obz)

tFe. analysis (obsz)

300 mb, analysis (oz)

VWind aloft-lower level (obs)
Wind aloft-intermediate level (obs)
Radar suanary (o9s)

Weather depiction (09z)

SFe. analysis (o9z)

500 mb. Vorticity (V.T. 123)
SFe. analysis (oom)

MEL Severe weather outlook
Radar swwsary (12z)

YWeather depiction (122z)

SPe. analysis (123)

Min. temps (122)

Enow cover, 24 hr. rainfall (12a)
500 mb. radat. (12z)

12 hr. oFe. Proz. (V.T. Cbs)
Statllity and precip water (12s)
Radar sumnmary (15z)
Weather d epiction (152)

Radayr swinary

700 mb. aralysis (12z)

£Fe. analysis (12z)

500 mb, analysis (123)



‘TABLE 14, PAX MAPS AVAILABLE = continued

2k hr. 500 wbv. and Voct. prog.
300 mb. analysis (12g)

200 mb, analysis (12z)

Max., wind (12z)

Fadar summary (18z)
Weatherdsplction (18g)

&Fc. analysis (18z) :

300 mbe enalysis (12z)

Winds aloft-lower (18z)

Winds aloft-intermodinte (183)
Radar sususry (212)

Weather depiction (21s)

SFe. analysis (21‘)

500 mb. vorticity (Oz)



I1I. AZALYLES
A. OCutlize of Analysss campleted (oy Zaxrl Mocon)

Following is an cutline of the tyye of araldyses completod Uy Ewllacou.
DATLY BATL ATD FRESCIFITATICH PAITCRIS

Floited mars of pxecipiintica sxpantis

Lwiivn?

- - 3
25 Laohas gnd

Overlay of cooparctive hall raporis rlotiad, showving relative tire of
oecurrenca 29 15 oiaale intervale nunbered from tine of the firs
Yorory, seddnmm: exd maet cosmon stong sizes wwing the ecde from the
. galled in rsporis, and compulazd ecergy nuwsbers, elong with caerg
meiors comptted foou the cbverved elze dicirivutions frow th

= X - Q‘{ el o

- R
ECTED OF CLIUD COVER FROX KNGS - JURE 23, 1280
¥ap of lcading edge of cloud cover

BAIL SZ2ASON OWINRSY

A bor chori giving, by days, ball dxys in the orec, hall doys ot
: Storling airrort, daily joeeizitotion ot Sterding, hall dnys at
Bemvor, Cudly rrecipitolion ol Deaver, hedl doys in b= UAL

netvor: end thundersioms doye ot Star
= s PIDEEN TRECIAC 2INVITO
; *x!‘s Ba.-..l. 1}'-4-.!'—\,}:.- fﬁf‘lu.ub)

Crephc of acousulotive relative freguency of dumgs ve ball damare in
yereent of sores plentad for disiriets in 38 Coloarado from 1520~
1553,

. TARGED-COITROL AUAIYUIS OF FRUCIPITATICN

A commarisen of Guare distridution trensforted 1351-1558 exnd 1330
Sofriiad 3

recirilation sounts with the taca porlod prior to 1951 wzed
iz 1959.

COMPARICGN OF BAIL DAES B

<
£
1
£
%

c,' s

A bar chart of kall days by gquadrant thry

O

ough Sterling for 1550-1920.

¢ g A - - o o . . . . x e
MATS OF HENUrY IRECIFITADICH AMD FIRCHT OF (OWD NORMAL FRECISITATICN FCR 1980
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ABALYSIS OF HETWORK

An spalynis of reports received from the network to daterndne in &
general sense the effeciivensss of the retura of reports, by noaths.

HAIL PATHS BY MONTHS

Mape of the generel direction of movement of hedl stormmsly monihs,
daetermined from the tiics of reporis.

 CHARTS OF CHARACTERIETICS OF HAIL FALL

¥axizum end most common hall size distribution by months
Tice of il oneet, by months

Badl dwntion tine

Fercout of ground coversd

ACCIMULATIVE REIATIVE FREQUENCY OF ENERGY NUMBERS FROM MAILED-IN REPORTD
BAYDEN HODGES OYNOFTIC TYVES FOR 1960 BAIL DAYS
MAXIME BAIL SXZE VO DENVER MAXIMU! WIKD ALOFT

Accwslative relative freguency of macdrus wind aloft for hail and no
bail dayn.
Baxiows wind ve maxisun hall eize reported.

CCL THMPERATURE VB8 POSITIVE AREA, DEHVIR

Pogitive arce defined as the product of the texzparatwre differcnces
from the CCL and the point through the elevation of «10C and the
moist adiabat through the CCL, snd -10C and the point at CCL level
from the dry edisboet from -100

ZOSAL WIND ABALYSIS

Zanal vinds, 25° through 75° for 1959, 1960, and 1961, with hail doys
and precipitation at leadville and Clerling.
Coauparisons to moathly wosns and USWB poruals for HNE Colarndo and Albaertae

BAIL CASES - JWNE 20, 29, JULY 3, 1900

Surface Charts

Ckow-T's

Wind Max charts

Trough position charte

Wind mprofiles at the lropopouse chart
Stabllity index (US¥D) chart



9%

Precipitsble woter charts computed from assumed etraight line sounding
from the mandatory level data,

Iow level maxisua wind chart

furface pattern charts

Sognbcmuottrmv_r,m

55 dﬂwpotutnnachart

Eei@tnbavosroundofo wot bulb

Turning components along and ot right angles to the mesn wind.

26

DAXLY HAIL AID FRECTPITATION FATTERNS

Flotted mape of procipitation anounte

Overlay with cocperative ludl reports plotted, chowing relative tice of

: occwrrence, aad maxinwn und most cosmagn hell eizes using the code
on the mailed-in rez:ort.s.

CHARTS OF CHARACTERISTICS OF HAIL FALL

Heocdmas and most cammoa hafl size distribution by months
Tisg of hail onset Ly moantim

Hnil duration tice

Fexcent of ground covered
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Be Fopers, Reports and Publications

Ihe Lollowing reporis, pepers and publicaticns are in the yrocess
of proparation from the data obtalued during 1960 and 196).

le

2.
Se

L

Se

On the relation of the latitude and strxength of the zonal
vesterlies L0 the occurrence of hall 4in the lee of the Roaky
Mowntaing

Case history studies 1960.
AthSchlammdetmtthmaor
hall ptorms in the Colarado Stote Undversity netvork, propared
for the Konsas City Weather Reler Conference in Octobar 1961.
The repart "Hall Genesis Arees in and near Horthoostern
Colorndo” by Hchleusenor and Henderson, jrepared forr the Crop
Hail Actunrinl Associatioa.

On the position of hail Ml wiid respect to Lhaderstorm
precipitation, & paper boing preyared for the Severe Storrs
Conforeace in Borman, Oklahoma in Pelsusry 1962
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