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IIfrRODUCTI ON 

In 191+6 Vincent Shaefer and Irving Langmuir d · scoverccl th(:..t certC'.i1. 

types of clouds could be changed and since that t:i.me variety of attem1,t» 

have been made at weather modification. One such attem1t has been the sup­

pression of hail by cloud. seeding. ·The coverage on hail suppression projects 

inc.ceased from ll()Q to 6750 square miles between 191~9 and 1957. Since 1957 

r.owever many of the original projects have been reduced or discontinued. One 

project is currently being conducLed in western North Dakota by two ranchers 

using two T6 aircraft equipped with airborne silver iodide generators and 

several ground generators. In 1961 and 1962 this operation covered approxi­

mately 6oO square miles, and in 1963 i-c was expanded to include all of Bowman 

County and part of Slope County, an area of some 1500 square miles. These 

counties are in an area of high hail occurrence, With the aver~e annual hail 

losses for each county nearly a quarter of a I)lillion dollars, and the insnra.nce 

premiums for hail pro-.. ection ranging as high as eighteen per cent. The purpose 

of T,he project, which is financed by contributions, is to red ce hail damage 

during the daylight hours. The sponsors of this projec" have not made an 

extensive ev':l.luation of the operation and it is believed that such a stu.dy 

should be ma.de. The purpose, then, of this investigation is .. o determine if 

significant changes resulting from the North DakoLa hail suppression o:pe:"a.i,ion 

can be detected. 

This preliminary report will review the work completed during the s •mmer 

of 1964 while the author t-ias on a ten week Research Participation Progrm• 

f:'ponsored jointly by vhe lfo.Lional Science Foundation and Colo:ca.do St.ate Univer~ 

. sity. It, is anticipated that another report t1ill be prepared af'·~r additional 

data not yet available to us have been analyzed. 

111111111111 ~I II 111111111111111 ~I~ Ill 111~1111111 \\\ ~ 11\11 \II~ \1111\1\ 

U184 □ 1 □ 5947 □□ 



FRO~URE 

'l:o evaluate this operation considerable background information had. to 

be ::!Ollected. Geographice.l information was obtained. from u.s. Geological 

Survey quadrangle me.ps; land use figures from the Soil Conservation Service 

and the State Extension Service; and hail loss statistics from the Crop-Hail 

Insurance Act·aa.rial Association (CHIAA ) and the North Dakota State Insurance 

Department. 

It is ·oelieved that if significant differences resulting from seeding 

e.re present they should be observable in one or all of the following parame-

ters which are being considered i n this study. 

a) Per cent loss due to hail 

b) Number of acres damaged by hail 

c) Number of hail storms 

d) Number o:f days with hail 

It was decided that a target-control a.~alysis with a regression line 

would be an appropriate evaluation for this commercial type hail suppression 

operation. A discussion of target-control analysis and how it works is pre­

sented in the next section of this report . 

To date we have collected necessary background in:f'orma.tion and d~ta, 

set up the analysis, :put all data. on punched cards, and programmed the eval.1.?a­

tion for a digital computer. Work yet to be accomplished includes running the 

programs to obtain results, an analysis of these results, ~ormulation of 

conclusions, and the preparation of a final report. 

DISCUSSION 

In the target-control ty:pe analysis ~wo areas must be considered. The 

area which is seeded is called the target area, while a second unseeded area 



·.rJ.11 be as much like the target area ns possible. When the hailfall is heavy 

on the target it is desirable that it be heavy on ·che control, and when it is 

light on the target it should nlso be light on the control area. If the areas 

a.t.3 exactly alike the statistic.ian would say the a'l'.'eas are "highly ".!orrelat~d." 

Th5.s would e the ideal case and it could be repr"?sented as shown in F:tgur _ 1. 

he points in a diagram such as Figure 1 represent some tYl)e of hailfall data 

for some •;uitable i..ime period. In the ideal case all of the points lie on a 

s,.raight line called the "regression line". If we know 1..he per cent loss (or 

any otlHr variable we are considering) for the control area we can use a dia­

gram ,.- uch as Figure 1 to determine the per cent loss we would expect on the 

tarr::t area, assuming, of course, there bad been no seeding on the target. 

Usi: ig Figure 1 we see that with a 10 per cent loss on the control area ve 

W' ; .u.d norn:ally expect an 8 :per cent loss on the target area., which is indica­

·; 1d by point A. 

If cloud seeding is effective in reducing hail damage, under seeded 

conditions, we would expect to find a decrease in the :per cent loss on t~e 

target, but not on the control, Referring age.in to Figure 1, if t he control 

area experienced a 15 per cent loss we would normally expect a 12 per cent 

loss on the target area. If, ho.,,,'"ever the target area had been seeded and 

it experienced only a 4 :per cent loss, we would conclude that the seeding 

caused this difference. This difference is represented graphically by the 

distance between points Band C. 

The actual situation, although similar to the ideal case outlined 

above, does present some dif:ficul.ties. Perhaps ·Ghe grea.tes t problem arises 
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Figure 3 through 6 are ':'XD.mples of .agrart<o csed in target-cc•ntrol 

ty ::- : analyses. These re.;tu.ts .re te.k n fr..m'. a tr◄ ;et a.1 d control 

en e· ation co f'ficiem:.s .1.ave r: ot yet. been ,..coput.?•·.. The r gr ssj o- lines 

hc'V" been estimated and thus the results a.re very ·lientative and ar 0 present.ec. 
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Fie;u-1-e 2 o A plo· · of pe!' ce~.t less dlle to h• il over a 
c cntrcl and a. ta1:·g1.~t f'. ea. in e.n ac tm;• 1 cP.se ". 

here pri:marily to g:tve exa.mples of the ty-Jte, analysi5 b in~ used it:. farl.s st1.>.dy c 

Results bo.sed upor. regreos:ton l:i.nes cmr.:p, -~t;,d 1,::,, the l ea~t. squ:-~s :!ethod. u:i __ _ 

be presented in the next i-e:t1or·t on this i nve,~tigatit}n o 

Figure } ar:6. b, re:presant the ta-rget-control :r.-~le.ti~)nHl:ip for per '"!ent 
CV 

loss. This hru.Lf£'.11 pa.re.meter is computQd by dividing the total ha:i.1 losses 

allowed by the total li!i!,bil:1 ty v,,"l'i-ttEm E.11.d Imlltlplying that result by 101) . 

In li'igure 3 each point represents one year ~s data for P, g~7en period.·, either 

day or night , wh:LJ.e each point in }i'lgure l~ represents f. m,:,tth I s da:ca. foJ.~ a. 

given pc.ice., 

In Figures 5 an.ii 6 the para.meter being considered is t t1e number of 

acres t otally damaged by hail. 
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LC . ..i·& c.. :i.r..g .a. by the per c·ent. f da.r- .:;~- {l.s atcve, ca.ch po ,. in Figure ? 1' .­

pr~.; nts a yea"' s ~d.h~ wr ·.b .c~ eq_uj.., .ent i;oint. on Figure 6 represents one mont 's 

:ia ta., 

The datu frod fif,"1I'€H ::;·; li,, :; , a..'1<l 6 s1 gge:;t t;na:{., t 1~ .ail dama.~~ f or t c 

seeded cases m.a;y have been lower thau tha·· which wou .... d ha.ve been p edic-ced b.. t .,3 

reg:ession diagnuns. >Icwever, t,ince che egre:::.3ion lines He~e drawn by estir~·.J.t,~ 

011~y, r,o :;j gnifk nc , '.!a..11 as yet te a.ttad.ed to these :cesults. 

'.l."'ne background inforr:l!~tion collected fur thi3 st"1d:i,r is presented in tl e 

Append ces '!'be '.:ab:es e.re self- explanatory so l will ccm .. 1ent only briefly upo.1 

the most it,.por-tc nt points , 

Ta .Le 1 is a s·catistic stwi:ary of hail loss data obtained from the N >.ctb 

D: k,:, ·,e ... ,tu.te J:n!C,urancF... Departr.1ent. Of pa:n;icu...ar interest are t,he per ccni; J.osi.: 

t.ver.i.ge::; of 14 .4 and 13.o for Bolnr.an and ::.::i.ope Cot:nties compared to a s1.atew· de 

.:,vera.ge of 'T .2, a.nd t o an average o'f: 13.9 .:or the ar-..a in northeastern Colorado 

"ihere hail suppression ex-.:;>erinents by Dr. R. A" Schleusen.eJ. are now being cor t•.u~t«::d, 

The wea.-t.her summary for tr.e scuthw stern section of North Dakoi.a, presentecl 

as Table 2, indj catcs that; dUJ~inG th_ surmner of 1961 the area suffered a severe 

drought wit prt cipitation i:..pproxi.mate-ly ~;o per cent of ncrm.a.l. 

Te.ble 4 is a. St,'mtn"ll'Y of t're charac.teristic :fot.md in the target and control 

8.:.'ea:3 used in t.: is r .. port. !t L, im: c,rta.n-:; to note that the variation in s · ze mid 

per ent J.oss b( t1-,een the e area~ .:.s Jess 1.,han JO :9er cent while the d · ff en e in 

per cent f cro11land is sliglrc ove.t 20 ner cent. Thus it would appear tha"t· tiles€. 

t ·o areas &.re c1.ite simi.lar in na.1;ur_,_. 

Ta.bl0 5 presents 'l. cornpa::.sY of ·v}le a.rnount of jnr ··ance writter in l:iO°I' :a 

and Slo:pe {. ount:.es by com.nercia.l co:m tm:ie;:;, (c tAA dP.ta) ind by the st, t.e ins1.u anc.r 

de artment 
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Table 7 is a summ.ar;r of the seeding in:fonna:tion avail.able fro!:l t.he 

:fligh·t logs of pilots Uilbr~:- Brewer ano. William :risher. Of particular interest 

are the seeding time totals of 8 ho · s, 16 hours, and 35 hours for 1961, 62, 

and. 63. Also s ignificant e ·e the nearly 200 hours of operation logged on 21 

ground gen rators in 1963. 

Table 8 presents a summa.ry of hai lstorms in l 96o through 1963 . It is 

interesting to note that the number of storms varied from a low of 6 in 196 

to a high of 36 in 1963, and that on the ave~age 56 per cent of the storms 

occurred bet,.;een the ho~•rs of: 0500 and 2100 (9:00 P.M.). 

A f light log was deYeloped to s tandardize and significantly increase 

t he amount of available fl:i.ght and seeding informa:tion. Su.ch data is of great 

i mportance i n an evaluo.ticr. of this type . The log was developed with the 

pilot. in mind and it is hoped that a flight log will be con:pleted on ea.ch of 

the seeding flights. 

Figure 7 shoYG the per cent of cropland in each township of BoWIDru1 and 

S~.ope Counties. The apfearance of much higher percentages in the eastern 

part or these counties is of part:i.cular interest . 

Figure 8 presents historical hail loss data on a township basis. It is 

worth noti ng that significe.ntl.y l "'ss i l'.'.surance is written in the western part 

of these counties, uhich is large y rangeland. 

CO -CLUSIONS AND RECOl~1EN1l.l1~TIONS 

Since this evaJ. ~ti.on has j ust begun, no conclusive results are yet 

avai lable , and i'in:i conclusions have not been form ted. The preliminary and 

tentative resul ts obtained to date lend opti · sm to the !)I"Oject and suggest 

tha.t we should continue with the evaluation. 



It is recommended t hat this study be continued until the hail 

suppression operation i n termina.t d or until firm conclusions as to its 

e fectiveness are obtained. 

10 

It is :f'urther recomr.ended that correlation coef£icients for several 

areas near the target be computed and the best of these areas be selected f or 

the control. Addi tiona.l historical da·i;a should be obtained from CHIAA and 

analyzed along With data currently avail.able to give a better relationship 

between target fllld contTol. Regression lines should be computed by the method 

of least s quares if the:::-e is sufficient linear correlation. Parameters such 

as the number of hail s·~oI'illS and the number of days 'With hail should be 

studied befo:rt::: fi rm coni'!lus ions are formulated . Collection and analysis of 

C.BIAA and North Dakota State Insiu-ance Department data should continue until 

firm concli1.Sions as t o the effectivene s of the project are-established. 

Finally, it is recommended that the f light log be reproduced and 

distributed in quantities sufficient to allow the use o-r one log for each 

seeding flight. These logs should be collected or submitted f or ana.zysis 

at regular intervals. 
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JABLE 1, ConL'c 
------ --- _ ... ~ 

Pe,:-ce·1t of Pe!'cen:t. cf I:o. rf Acres Liability in 
{eu• Policyholders Twp. .eporting Pei Policy Dollar Per 

Repcr"~iL16 J~css I,_sses Policy 
---

·aowrrE.11 Slope Bowmsn Slope Bowman Slope Bowman Slope 
Co. Co. Co. Co. Co. Co. Co . Co. 

- ------·- ---
~9 i.4 15.7 23 .8 109 .4 120.3 823 .5 910°9 
-~l 1-5 3.9 23.2 .:50.1 67.6 116.1 125.7 881.3 954.9 
-~) t-6 59.6 43 .8 88.9 61.8 123.1 130.0 962.2 10~.3 .o 
_9 +7 1~1.8 8o.3 83 .3 85.3 132 .q. 138.9 1055.4 1126.9 
_9 ~3 26.6 28 .8 83.3 82.3 132.9 14o.5 1079.2 1159.3 
L9 ~9 :54 . 7 68.9 86.2 85.2 11~2 .o 154.9 1130.8 1249.2 
L9-50 }2.4 22.2 61.1 50 O 124.9 137.6 1004.3 1116.5 
]_ 51 30.1 29.5 83.3 73 ,5 145.6 159.4 1479.3 1705.0 
19S2 10.9 l-1-7' .0 1~1.7 70.6 147.6 176.3 1586.7 1958.0 
1953 61.9 28.8 88.9 64.7 142.9 16o.8 16o9 .6 182.6.3 
9,4 98.4 54.9 94,4 82.3 126 .l~ 145.1 1426.8 1657.2 

l)S5 36.6 71.6 83.3 79 .l~ 116.8 130.2 1317, 7 1495.4 
L91·6 83 .6 97.6 75.0 67.6 101.6 131.9 1167.0 15!+5 .6 
19 5'7 99.5 42.4 72.2 7SL4 226.3 141.2 2661.9 1679 2 
19158 52.9 20.0 97.2 61.8 102.5 135.9 1204.7 1618.2 
L9i9 4.7 8.1 25.0 38.2 123.1 133.9 1450.9 1600.3 
L960 73.; 51.7 8o.6 79.4 118.9 134.3 1394.4 1606.2 
L961 69.9 1.1 25.0 41.2 73.6 113.4 876 .4 1355,0 
L962 71-9 100.0 86.2 76.5 107.3 11;.1 1273. 7 1357. 7 
1963 88.8 81..8 30.5 8.8 _25. 3 8o.o 142LO 8o8.o 

.,_ ·e.:-age 1~8. 9 46.3 69. 4 6603 158 6 13 5. 2 1290°.4 J.386 , 2 
.•'01· Go. 

A re::.-age '=~--=----=-'Z!. ------- ------- ...., 
"-' 

.,, 
'or No. 25.6 83.0 123.0 1,178.0 .,a.l: )ta. 

,3-r;a·;e 
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FT1.;: ~ :::i.·:·~~. 
tior :·., 
Iv.cher; 

J 

.-
,.. 
C. 

0.5 
2 
0 

8 

-:-3 

-,·l 

-:-4 
•'·l 
-:-3 

-------- ------------------· 
LorLg 1 r01.,ghi.; ead.E:,l l~pri.J. 2Q-':.h. _ ea c3.:tjr 
Dry uec..ther. ~ ::.o:i.l .1oi,ti1.:re def.t:i~nt. 
P:reci1i. 56r; of. 1101~,=.1 som Jan-!-~"l.y 
Hot and very 0.17 
Drotght brckeu JuJ.y 10th. CooHng 
weather appears 
We.1"!11Zst and dr::es c Aue, st 
1.511 o."' sn Wo Co:'.dest Sept. 

· ot s.nd clrj· .. rlrc ght •· p::edpita,ticn 50'f, 
of no:::-iml 

·--~-------
!Iot m.::1. dry •· new earl,-r sc son :..~:;cords - 91 ° 
on tr,c 24th 
Uct month ne -r E?,y rec ordEi 
Warm, r:icist mo•rt1, 
Coolest July s:·.n ..: J.91.1 
Wet 
Cool ruid. d:ry 

A cool, wet st1I'l!'.:ler 

Cool J.l~ 
0 on 22nd. TOM -:do j_ · .. a:~-;n 

Warm. e.nd wet 
Warm and uet uonth 
Warm 
Hot and wet 

A -warm, -.ret sevson 

.1. ,. 
1 
2 

0.5 
3 

8 

l 

6 
J.i. 
1~ 
1 
1 

17 

2 
2 
4 
3 
1 
l 

13 

--

•'·7 
0 

•:·6 
-1 

·"5 

- .. -........ 
+4 

0 
+2 
-5 
-1 
-2 

-2 

-1 
.L 

-a 
·H 
-:1 
:rs 
·!-2 

--·---

.. at'.l from i·lcatherw:i •1e !~c;a::ir.'"!. P-~,:!Jl.-f.zhed ')~,· lu::-r.Lcan :!.cteorologicril ,cc:.;.e··;: ·., 
1~5 Bee.con Street, Bos\,on 8_, Hess. 
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~._rb_r :-:G }"r.:..>.' l.c· :r c,.-• . . 

....... 1..- - .?Jax !.\:,.re Cori..\ (tbeJ~ 
,.., ____ _., ...... ... -· - ....... - --- -· ... -· .... -- ·• --·-- ··- -.. - ----- .......... ·-----------··--·· 

G9.:1_::• 15 , ;~ 5. : 3.6 5.6 .1:. , J. 

.,_t'-:) t~j s9 17.G 6 ;, . .,, ~.1.0 1.~ .9 ,J. 

•--;, .. r; u .,. 16.5 6~~ 1.9 .8 .6 • J. 

19\5 7008 J..6.:] 6.E ,.6 • l~ .5 .l 

J.9l•'5 73.3 11~~9 5.3 4.8 . ·r .6 .2 

19\{ 71 .5 lJ..8 5.5 9 .1~ 1.0 .6 o~~ 

J.9':3 69.8 9u~ 5 •'i 13.9 .5 .6 .3 
19'·9 82.3 2.8 3 ~'\ J.(l .J. .2 .lt- ,Oli 

19>0 76 .~, 11.0 7.1 3.9 .2 1.0 .4 

195.L 
,,_ ·• 4 ~ ~! 4 ~ i, . • 7 "i. .3 o2 O'.),'.;) . .., ·~ 

1cc,;:, _-,,., .. 91.8 1.9 3.6 J..5 .11. .4 ~ 

19~3.5 90.0 1.2 4.c ;.9 .4 .2 n3 
19511. 71-3 7.6 7 . (.,1 11.3 1 .4 .5 n 1t 

1955 73.9 7 .5 10.1 J 0 3 ,~. 5 .3 
195-5 81.2 5"B 8.J. 1 .0 5 .5 .02 .l 

19;7 52.9 16.9 17 .~ 5.2 /n4 • l~ nOl 

1958 79.6 10.8 6. ~ L2 1 .9 

1959 ·77.6 10 ,,9 8.::; J .• 1 J..8 .4 

1960 81 .5 6. r 7.6 J .• '7 1.9 .o!i ,5 

1961 91.0 3.J 2 .ti. .2 2.5 
196'2 Tl -7 7,9 9.4 1.1 5.6 -- ,2 
1963 89.0 0.7 9.0 -- 1.3 

,-.~ 

Ave . 7'"(.l 9.2 6.9 li.l~ 1.8 o.4 0 . 2 

~~ 
Percent of total inGU"t"ed n.c:r~3 . 



TA2,- L u. 
,,,.., ___ - - -· - - - -· . 

81} •i-:-J. er; I.•-:-( 

y-;a-;: - -- . ~ 
tlhcc;G :2a"lcy Oat:-, I,} a.,~ -..... , 

J .. ,..., Corn Q1, 1-.::c 

., i.+c. 7li .8 J.6.5 ..'-~ 3.] ~ -~- L6 .5 . ) 

J.~· ':.:; T;S .6 12.9 4 ; 7 7 6 . '{ .7 
J.9li.1~ 78. 5 12.0 6.8 1.7 .3 • .3 • j. 

191~5 75 . li 11 .1 5.8 6.o .1 .8 
J.9116 75 .8 J.J. . 1 4.7 5 .9 .7 L) 

19\7 73 .8 8.5 1i- .4 :1.2 .9 .4 > 3 

J.948 70.3 6 .9 4. li. 1'7 06 .2 .5 .. 
191.i-9 83 .9 2.5 2 ,., . ' 10.6 .oii. .4 • )J. 

1950 78 .9 8 .li 5. 5 5.8 .3 .9 ') ··-
1951 88 .6 3.4 3 .:i. 3 .8 / .4 .t) .. 
1952 93 .2 1.5 2.8 1.4 .6 .3 •.) .. 
1953 92.3 1.6 3.5 1.9 .1 .2 " . ) 
1954 70 .9 9 o4 6.o 11.0 .2 .3 0 j. 

J.955 72.6 9.3 6.5 3.5 7.5 .5 ') .,._ 
1956 77. 4 B.5 5. 5 1.9 5.7 .7 •.) 

J.957 57.6 21.6 11.4 3.2 5.h .7 
1958 14. l~ 16 .0 4.7 .6 ;> .6 .2 "j. 

J.959 8o .5 12.6 4.o L5 ~ .• o .1 CL~ 

J.960 79.2 l lol 6.5 1,8 )..2 .o 0 -

1961 87 .7 7.1 3.5 .5 -, 1 
- - 0 · -

,,Q . 
1962 81.6 9.0 6.3 .5 2 .?. .1 . ) 
1963 ~5-5 h . c;. - , · 

Ave . 78 ,9 9° 2 5.0 2~, 6 ..• 6 o.4 O.j 
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AftEA 1 P.i-:P.A 2 
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~ ........ co ...--.. 
c3 en ~ ., 

_.., .d -~ (l) 'O .r• . , 
CD+' Ul ~ H A +> +' m .'ll 
j "M (/) CJ ~ ro .,-; 0l I:.:'! C. 

r ! ~ 0 <.:· N, ~ ::- 0 "' . 
'° HA r-it Pl ,n ,-...; ...:l f'.:l ~ 

~ ' 
CH en 0 ..::!) • ( ' ,., r 

r,j...,:- Okr-l~ a:l ' ~~~ t r~:;::}1 a. E-t 
.., (\J a, 'M ..J u +> v 

u ~ ~ Cl) a, 0 Q ~°' a,aJf.a o A ~~ 'e~ >i ix:- E-1 ..... , ~ u .-! "'6'i?..!:-lt.d '-' e-· •rl - -
.1 ange-Twp . % Loss Ra.n9'e- un • .::, .. 5'.J Loss 

131N-991-! 8.5 78 22973 59.8 129JJ-99W 15.8 91~ 23)39 75.6 
lOOW 8.3 89 2297~ 81.8 100;1 15.7 100 25 ;39 57 . :-.. 

101W 6.o 78 22958 64.2 101 1 18.7 8.3 2,028 l~) .2 

102W 16.8 72 22970 73 .9 102W 42 . 78 23050 26.6 

103W 14.4 78 23002 56.7 103w - 17 .5 72 23".)4o 27.0 

104W 20.5 89 22942 44.4 104"il 18.0 67 22 )24 15 °'.> 

132N-99W 14.8 89 19589 66.6 130N-99H 11.3 78 2:. )07 59 .l~ 

lOOW 11:.. 7 78 19576 76.5 lOOH 8.o 91~ 23Jl0 6:5 ;-

101W 15.1 
1

83 19577 51 .5 134N•9E.l·l 11.4 94 23)4o 7, .5 

102W 10.7 72 196o4 65.8 99'1 19.1 94 61.7 

103w 9 3 83 19675 40.1 l35J: -98P 19.8 89 7b, .. 

104W 26 .2 ~ 19629 94.o 99W 19 .l~ 89 
., 

60.0 

lOOW 13.2 78 53 .8 

133N-98w 15 .1 89 23040 63 .7 101\J 11.1 89 ., 27.6 

99W 16.2 89 It 90.4 102W 17.1 94 !I 19.8 

lOOW 18.9 83 " 59.8 

25.4 67 1f 6o.5 136.1i-98w 4.4 72 11 81. 5 101W 

10.,l~ 83 II 39.1 99H 10.7 89 II 39.3 102W 

103w 16.4 89 II 22.7 ------ ..,..__,.,._ 

Total Ave._ 14 .9 8J..8 393709 61.7 16.2 85 .5 39 597 51.0 



TABLE 5. HAIL LOSS DATA FOR BOWMAN AND SLOPE COUNTIES
1 

TOTAL LIABILITY INS. WRITTEN PERCENT OF LIABILITY WRITTEN BY: TO!'AL HAIL LOSS PAID BY: 

CHIA.A NDSID CHIAA NDSID 
Bowman Slope 

Ve~ Co, co. Bowman Slope Bo~rman Slope Bowman Slo:pe Bowman Slope 
:t ,,. 

•/ co. Co. Co. co. Co. Co. Co. Co. 

1960 :_;_,638, 558 2,571~ ,923 36 52 64 48 159,624 53,136 305,564 194,477 
"1Q61 2,716,996 3,201,662 83 74 17 26 5,297 l,94o 4,187 13,285 

962 2,952,155 3,o85,643 68 68 32 32 198,641 218,054 250,824 418,226 
196;, 225,784 303,187 6,500 1,670 

Ave. 63 37 

~ ta from published statistics of the Crop-Hail Insurance Actuarial Association and the North Dakota State Insurance 
De~.r-tn:.ent • 



TABLE 6. HAIT .. LOSS !)!'{!'A ii'0~{ ITOm:H :..:'AS'lF.fm C:OJ..O:-tAD0
1 

--- -----
1J.1otal ToLe.1 Hail Per 'l'ot.al Toto.). Hail µ.,.,,. 

-- I.:.~-

'J:''li:p • P.t1 •. : ', '- Liub:l.15.t;y Loss Cent Ttip, Rr.i.ngc .::.,::;.a.bili ty Loss Cent 
Written Allo-:~ad Loss Written AllcKcd I,oss 

--
T2H 44·.-: $ 4,0?5 

,,, 
2 Tl~N 56w $ 35,825 :; 11;331. 52 ,;, ···-

), r- j 
1· .. , , 2, 1~:1.0 J.,799 75 ;;1w 31~-, h..35 11. ,81., :t;. 

1;(,·.i 10,950 154 l. 58w 25,662 4,378 l'7 
4'( 1.! 85,9~1 15,94o 19 59W 5,68o 1,084 19 
),';n 2'77,44l-1- 54,436 20 ,t.J,, '1'5N l~4W 1+9;,_ 7J.4, 796 129,872 18 l!5W 36,070 3 ,241~ 9 5c.~ 382,8!;]. 54,049 14 l16W 139,783 16,895 J2 
5].W 270,538 23,743 9 inw 268,440 l:.5 ,167 17 
521·7 239,540 36:593 15 h8W 4o6,694 3h,4h5 8 
531-J 59,842 4,352 7 l~9W 372,528 55,665 JO 
51:~·! 500 0 0 50W 386,972 19 ,971! 5Jf; 9,570 1,702 18 )lW 112,893 7,247 6 5611 3,120 1~60 15 52W 27,98o !i., 776 17 571, 2,205 615 28 53W 5,100 2,54o 50 58v 8,618 1.,4oo 16 54w 9,626 1411- 2 
55M 32,230 920 3 55W 2 ,1+51 

T3N 41:'i·! 790 0 0 56w 42,052 3 ,811~ 9 
1~5rl 750 405 51.~ 57W 23,310 3,63'.) 16 
46-~J 47:979 6 ,5h..o 14 5&'W 48,~70 1J.;,045 29 
lf[iJ 298,68o 22,013 7 59W 
q.8':T 296,51+9 29,713 10 T6N 44W 68,242 B,6J2 13 ~-9vi 6291628 128,112 20 45t·l 106,311 19,057 18 50;, 754,210 J69 ,8q-O 23 l-t6W 325,838 ·29 ,645 9 5J.1-Y 1~68 ,924 117,332 25 47W 390,986 54,835 14 52H 182,353 29,8o4 16 l~8H 493,982 85,340 17 5~n J.o8,88o 11+;320 13 :} ~, 49W 615,984 70,251 11 54'i? -- -- -- 50W 182,150 J.; ,o83 7 55P -- -·· -·· 5lll 135,008 10,620 8 561,J 3,2~-4 75 2 52W 5,829 J.,222 8 57t: 4,030 63 2 53w 10,868 913 21 58:~ 4,685 351 1 5l~W l;iJ.,398 10,614 8 
59li 16,360 150 1 

55W 57}~rr 1~-,332 25 
T'iN 411H 1,635 -- -- 56w 137,883 18,509 13 

4c;r 2,600 693 27 57W 36,552 2,162 6 ,,.v 
46w 329 ,91~5 28,337 9 58w 73,034 7,374 10 
4rf\·l 536,455 49,358 9 59W 2,000 
48w 343,707 15,755 5 T7N 44w 24, 75' 14 ~-9W 654,110 30,734 5 173,557 
sow 620,518 48,117 8 l~5l-l 452,231 83,673 18 
5~r 332,776 22,899 7 

46W 226,673 32_,o81 14 
.L .. 47W 400,071 28;798 7 52·vJ' 5.,195 1,489 29 

53u 30,025 6,588 22 48w 516,648 ~-6,600 9 
5li•i -- -- -- ~-9W 475,349 6!1.,03e 13 
55l·! ll,l28 29li 3 50W 446,68o 4-6, 761 10 

1nnta from Crop-Hail Insurance Statistics - direct writings 1931 through 1962. Publishe:d 
by Crop-H~il Insurance Actuarial Association. 



111'\B:c, 6 . HAIL LOSS l"lfi.TA FOR HOJ'J1H R,\£:.Tii-Xl~f C0J./JHADO·--Con"' c1 
~---- .... ---------·- _,..,, __ .,-,...,.., _______ J ______ - · 

'.!.1otaJ. Totc.l Hail Per To-~aJ. To Le.:i. m:d 1 IP-r 

TiT]?. RC..' ' ·r: Liability LcsG Cent 'l"'l,rp. P.,...,·!ge Liab:i.lity Loss Ccni:; 
Wr:tttcn Allc-"\:-ed J.oss Written Allo1-red Loss 

... ~------ --- -· --·-· .. ---
'J.'7H t; "l,T $ 91 6'9 f:i 2h,2CO :L3 TJ.CN !~!M $1,261,158 $153 4n 12 .,.. .L .. ,,., t 

5,: ··r 2,6i,5 35 1 l:.5H 846,830 7'.> 21.~ 9 ·-
c;. j .,. .. 73 ,l:J1.J. 9,807 13 h6w ·79\,659 711- 61_;, 9 
5H: J .. 9~-,225 21,2c8 14 '-l-7W 118,574 5 990 5 
5~~tT 295,7~8 57,957 20 48W 27,200 
5t~;,; 

'-. i!-09,35~{ 102,187 25 li9W lJ,864 rt3 1 
5'"/\._" .. 230,965 20,826 9 50W 1511- ,l!-h-l 19,787 13 
~/',q \ .. 292,357 18,590 6 51W 82,757 J.'7 .271: 21 
5n· • >'~'! 100,262 9,851 10 52W .L02,651 19199) 20 

'I3N !~ l,:i 430; 779 25,901 6 53W 55,185 7,110 J.3 
l~:,il.- ll-01,213 · ,46;84o 12 

51-1-w 7,765 132 2 
55W 26,837 1.,778 7 l:6F l:.87 J 9ll-6 57,963 12 56w 8oo i~·rr 51~2,435 28,831 8 
57W 48t·T 563 ,6).5 79,115 1~- 58w 1~9:! 711,31~1 95,466 13 

50H 4;8,689 4o.,232 9 5SW 

51H -- ~- -- T11N 44W 219.,514 20,996 10 
52TJ )1,7,602 l~, 731 10 45w 183,01(;5 21,695 12 
5JH 122,975 ll,495 9 46W 40,723 ,\, 592 11 
5~-H 102,Tf8 16.,864 16 lr-[W 91-1-,831 8,073 9 
55H 10,489 1,017 10 48w 95,242 11,286 12 
56tJ 134,752 19,635 15 49W 85,072 ll,969 J.4 
57H 97,925 7,818 8 50W 64,68o 2,72:L 4 
58~J 28,185 1&4 1 51n 151.,048 '7,728 5 
59il 8,91.0 2,lC-0 24 52u 120,956 11;14o 9 

IJ'9!l l1lM 555,819 ;6_,819 6 5.3W 156,101 23 -78.:> 15 
54w 3,477 45H 408.,578 20,528 13 55W 4,050 46w 247.,903 151,oeo 11 56w 5,475 h7U 378,884 30,092 14 
57W 6.,550 50 76 

l!&l 97.,963 18;74o 19 
58w 23.,615 2,366 10 

li,9H 72.,605 12,844 18 
59W 82 ,683 12,128 l 50w 1.,490 -- --

5JH 26,311-5 3,035 ll Totals for 
52u 50,3~t2 4, 754- 9 P..rea 28,208,477 3,716,301 1957 
53H 175,191 15.,625 9 Ave o 13 o9'% 
5i1.W 178,153 8,823 5 
55W 184,832 10,6()4 8 
56w l0,957 450 4 
57W 17.,862 1;067 6 
5&:-1 12,000 2,470 21 
59:-r 6oo 



1961--8:15 

r~cto 

1962--:i ~ :00 

1~. Grol'.:"'.d 
Gen. a ~-92 hrs ~ 
7 Go Go ? hi.-O o 

Ho1,,._s 
Se·.:?ding 

--·------- --
r:emarks 

----------·-*-----
6-5--61 
6-11-61 
·1-8-61 

7-9-61 

7-~0-61 

1-18-62 
6-1-63 

6-3-63 
6-4-63 

6-5-63 

6-6-63 

6-7-63 

6-8-63 

l :15 
1:00 
2:0(· 

1:15 

2:00 

O: h15 

:30 
2:00 

GaGo 
2· 

Ope:,:e.ting 
G.Go 

Opera;~ing 
G G. 

Oper ting 
G.G. 

Opera.ting 
2:20 

G Go 
Operating 

6-17•6} GoGo 
o rating 

6-18-63 Go Go 
Opera.ting 

6-19 .. 63 
6-20-6} :30 

6-21 63 3:50 
6-22-6; Operating 
6-21~-6,- :30 
6-29-6} GoGo 

Operat,ed 

;iein--fcs:r smaJ.1. ho,1.J. SE o.:re~--zei.·0.1·€: hail J.. rrU ·G 

oouth of N.D. Border 
8cc ed o ll Cl..'Jllulus b ild p :tn Buffalo S1,1 ings 
0,rel;l. - 1 11 reiu 
Geed.tog on smnll sco:ttered cu sc":ttered sho1 t 
shomars - a, eu 020 1

: 

Seed.ed adva,ncing storm ni th sq1..~ line 30 r. .ic v:.ile . 
cloud base 9500 ° m l •· seve:re J·uiil SW of · o, -
nevcra t rb. &>oo 0 msl 
Sc ded storm moving Nr. t,ru.~ough ··ea - appo.r • n·GJ y 
•
1dry': cloud changed to No 

.::.m·ge en ove:rhea.d o..ncl. to ee.s·c - 6o" :fi:rat ., .5 " 
se ond storms 
Cloudy-~lig tr ··n 
Th derhcads - atorm ~ 6o11 r in •· no hail 

Go 11 :rain - no hail 

Jmall build up 

Fcu pea a:l.ze hail - heavy hall outh of Rhane -
so- l(XJ}., loss 
Se~dcd Reedci· - PJmics and ground genere:to-:-n 1 .... d 
_.4o - 2 11 rain 
B th pl2nes d ground gene a:tor sed - .4o:: rain 

Plane and gr i.md geuc:ro.toi· operating - 03011 ra:tn••­
no hail 
~ace 

Sprinkle 
Large bu.ilditJ? 7 PoM. - .40 re.in - ground au, 
plane gen 
.70 rein - o bail 
Large -chundcxhee.ds to SE 
o8o" rein - no hail - tev large Hettinger 
Lisht thunder e.ct· vi ·"-;y 

l Data f'ron f'light logs of Wilb1.u- Brer r and Bil Fisher. 
2 GoG~ stands fo ground generatorGo 



-----------·----

--- ------
7-5-63 
7 6-63 

'7-10~63 

7- 8 63 
7 2;-6.3 
7~9-63 
7 .. 31-63 
8-5-63 
8-8-63 

8-10-63 
8'."1.1.-63 
8-21~63 

8-25-6., 
8-21-63 

Hour;;; 
Secd:i.Ee; 

O:pcro.tca. 
2:00 

2: 0 

1:45 
1:30 

2 : 00 

:-30th rluues seeo.:i.r:; - 030 11 I."'Edl'­
Sp::.~in..'ltle - lo.1'ge b,·:i.J.c1. W mrw 

Both pl~.nes seed/ "• - sto:.·m ~ nncd - no r .. ,:h. o:r 
he,il 
Th:·ea-ccnl~ l aoor 2f-ce:moon - no rein or hL:i l 
Le,rgc thu.nd.c .heads east 
Pea s1zec1 heil 
He.:i.l at I vco ......;> sn - wind 
Bot planes s eeding 

20" :r.ain no hnil 

1 p1 ne seeci:1g - ,;::o:i re.in - h 
Bowman County 
1 pl...~e seecing 

l SU cornc:t of 

Eeavy bllildv.p - E, SE and NE 
1 :00 ail~ 

:00 
ground 

1:25 

Rain v:i.o en~ c10-~1u.s to SE 

laKgc thunderheads .!!ili!E 
1 :plan seed ng 
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1.0 T.,C July 30 2300 
o.6 C Ai>~ • 31 1200 

Total Number of Storms: 
Day: 3 
Night: 3 

--
rd I.O 

Cr-1 (l) ro Cl1 

~ ~J 
0 0 

...:l 1-t 
~ t.·l <s 0 ~l O C! -~ • 
~ ~-I ~ r~ 8S ~B cl 
.-1.-4 ,..; Ill m -P o:JO a., (lJ w 
.µ .;:, :;.., 1-< '-1 -.I 
0~ 0 CJ c.> Ill f-l !+-1 
E-l 0 E-1 <, ►Li ii. ~ 0 ____ .,. ___ 

J. 7 2.9 T 
h 19 0.1 T;iC 

15 852 13.8 'L,C 
83 1165 3°7 T:iC 
6 47 4.,6 T:,C 

238 4060 1.2.5 T~C 
53 686 3.2 T.,C 

1 2 0.1 T 
(. ·5 94 4.8 T 

·1 16 0.2 T 
i8 14o 2.2 T,C 

1 25 0.5 C 
l 9 0.2 C 

25 

2 5 0.3 C 
17 261 2.5 T,C 

5 38 Oo7 C 

6 



T/1.B7.E 8. ::m.MN."1lY 01" S'i'ORr-'iS--Con'L' i _______ ., _ - -- ..... ______________ ___,,, -

Ste :ir of Storm of 
Dn.te Hour Date, Hour 

-.·•-·o,on• I ------• __ ._ ---•,- .. 
Year : .i..~62 

June 2 0000 6 182 4o9 C Jt~J.y 18 2100 9 28 o.8 T 
J_v.ne 7 1500 7 99 7 ·1 ·- 'l' ,.n,.ly 19 2J-30 12 2o8 5°2 T 
June 20 2000 9 35 0.5 rJ:' July 'd7 }jOO 1 2 0.1 C 
June 2~~ 2130 ~-6 815 3L9 C At1g. ,::; l&Jo 13 62 1.0 T 
July 2 0950 14 33, 18.9 c; A1.1g. 6 1500 27 362 5.3 'I' 
Ju'.cy 2 1950 242 4395 12.8 C Aug., fl 1'[00 111 998 4.5 T,C 
July 5 2100 1 2 0.2 T Aug. 9 1650 5 88 4.o T 
July 6 1950 531 14332 26. 1 T,C Au.go ~-0 r?CO 5 56 o.6 T 
July '{ 2200 2 33 0,7 T Au..g. 22 1'750 30 265 1.0 T 
July 9 2300 13 li.62 2.8 T)C Aug. f !7 1500 4 14 o.4 T 
J uly 10 2200 3 203 2.5 T Unk. 0()00 36 1015 8.5 T 

Total Number or Storm.s: 22 
Day: 14 
Night: 8 

--
Year: lC'63 

May 24 0000 9 146 4. l~ C July J.7 l.~00 h 6 0.1 C 
Jime l 1500 2 10 1.3 ']_1 July J.8 0-:.50 430 86o6 16.1 C 
June 8 0500 5 109 1.6 '1.1 July :.8 1500 3 554 1.3 C 
Jime 8 1930 365 5711 16.5 '.1' ,C July ~4 0;500 24 61 3.9 C 
June 1r-3 1700 3 26 1.5 ljl '!", lly 06 ;,. . , .. 0500 l 3 0.1 T 
June 2(' 1700 11 76 1.3 'i: July jO 2l30 507 9534 18.8 T,G 
June 2'.; 2000 3 10 0.2 C J"vJ.y ]l 2()00 11 140 1.2 T ,r. 
June 2~ 18oo 7 69 1.1 'l' Aug. l 21CO 7 132 0.5 T,C 
JUL7.e 2j 0000 8 8o 1.2 C Au.g . '7 1\00 2 45 o.6 T 
June 2~ 2200 84 530 1.5 r.l.' ,c Aug . 3 0700 22 327 1.5 T ," 
June 25 2130 7 78 1.6 T Aug. 8 2100 647 10435 11.0 T' , 
June 2G 2000 2 31 0.5 C Aug _. 9 2 ~30 16 340 2.8 T, 
July J. 1900 2 51 1.2 T Avg. 10 1900 2 12 7.3 C 
July 2 0000 4 31 o.4 C Av.g. 11 2100 27 589 56.0 
Jv.ly 6 o6oo 114 1414 2.3 C Av.g. 15 2100 2 18o 5.5 
Ju)S 8 2100 l 1 0.1 ·.r Aug. 21 1900 5 124 73 7. •:) C 
July 9 2200 l 18 0.2 T Aug . <> 2100 1 30 0.7 
JuJ.y 10 2200 3 16 11.2 C Sept. 10 U.o.k 2 49 4.9 T 

Total Number of Storms : 36 
Day: 18 
Night: 18 



FLIGH L G 

FLIGf T INFOftJ/IATION 

Pilot__5__QJ ..c1_::_le_..·._/ ___ Date • ..J µ l~k /9'"f Aircraft No. __ 6=--a8c.-:....;l-_ 

Time 01 T O / &..:J: c· Airport 

Time r Lanctin~ __ !_8 __ _.4_,S=--________ Airport __ ~F __ c......,.L: _______ _ 
Total F _t time z + oo 

SEEDING DATA 

~ , 

I l Time On I (') I 0 Q 

Time Off L1..5a I 832. I ::i: ~\ 0 ' . 

I I -
Time in Use fiO 3 2-

Total Time I 1- zz I 

Left Burner __ l 

J __ I 

Amt. of seedin~ soln. used~ 4- ga I. Strength of soln. __ ....;5 ;::,: ·--­
Alt. of seeclin.;_f ~ 5.. . .-J MSL. Fr.:!e air tern at seed level __ ~ 8 F 

.VEATHER. DATA 

Alt. of cloud base / o ,._/S OQ_ ~- FreezinJ level / /; Q Q O _\JJSL. 

Ground level wind direction nu speed: . , W. at __ __,tb __ n. ile("' . , •r n tr 

Intensity of updrafts: Most :!ommon 4 O O ft/min 

Most · ntense __,S_a ____ O __ (:...,.J ___ !t /min 

·?recipitation and hail data in :3eeded area: (check appropriate squares) 

Preci itation befo1·e seeding 

Precipitation after seeuing 

Hail before seeding 

Hail after seeding 

1-
_H_e_.._ ____ M_o_d_. --~-ht __ -f-l~_--_-

_J__ 



L AT.A 

e fl. j. f .. i- J:'t i t. ,-..ra,..,+. ~n I"\ ':)urn r" ""..., C"'"'~,,,.. ~,...., 3.i.. .. ~""'S 

a ct/~r ram. d · rection of storm move 1:en'· ~ au.! ~he location of updrafts. 

Ir~~,.. ,.__---;;,• I L, I 
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"t • , 
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APPENDDC B 

Figures 
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