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Introduction 

Thia report io a description of the rese~rch conducted 

by Colorado State Unive::sity concurrently with the hail supp.a ..!SSion pro-

gram of the Weather Modification Company. Research was conducted at 

the rttquest of the Directors of the ortheaat Colorado Hail Suppression 

Association. The study began on 15 M y 1959 and continued tnrough 
15 September 19 59 . Analyses of b sic data c.r~ now unc erway. 

Qbjectives 
1. To attempt to determine if the cloud seeding program was eff ec-

ti ve in reducing hail intensity. 

2. To attempt to determine the effect of the cloud oeed: ng program 
on precipitation amount • 

3. To gain a better understanding of the physical processes involved 

in hail occurrences • 

Procedure 
Durin, the study the following types of data were collected: 

1. Information was obtained from a survey mailed to residents of 
the area living in or near Section,..o: 8 and 18 in each Township 

in Colorado between Townehips 3 and 12 N and 42- 59 W 

inclusive. Cooperators were requested to report hail occurrenc s 

by mail. givina location. time of occurrence, size distribution of 

hail, and concurrent we ther phenomena including precipitatio.1 
amounts. A total of 389 reports of hail occurrences of this type 

were ~eceived between 15 May and 15 September 1959. 
2. Information was obtained from periodic examination of approxi -

mately 250 hail indicatinti devices located in and near the target 
area. Figure 1 show• th routes along which the devices were 
located. A total of 358 indicators that had been damaged by hail 
were examined between 15 May and 15 September. 
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3. R ports of Uy preci it tion amounto betw en 15 ay d 

15 September were received by mail from 92 cooperators. 
4. Reports were obtain d from the Weath r Modification Company 

on locations and time of ground generator operation, and routes 
and times of seeding by ircraft. 

5. Information on the amount and type of hall damage to ugar beets 
between 1929 and 1958 w s obtain from the Ovid, Sterling, and 

Fort Morgan districts of th Great Western Sugar Company. 
6. Reports of precipitation and other weath r phenom _na were 

obtained from U.S. Weather Bureau observe.tion points in and 
near the area. 

7. Information wu collected on the value of cert 'n crops produc d 
in the area for preliminary conomic analya a of the potential 
benefits of hail reduction or for precipitation increas . 

Dama,e by hail to the indic tore and the mailed-in r ports of hail 
occurrence were interpreted in terms of energy input per unit area. 
(Ft-lb• per aq ft). Thia was accomplished by theor tical analysis and 
laboratory calibration. Details of this method of m uurina hail intensity 
are beilll reported elaewhere. ( l)• 

Analyses of Buie Data and Presentation of Results 

I 

At the time the atudy wu und rt en. it was emphasized that a on 
year study wo\ti probably not provide rrefutable proof of effect of the given 
m.a,mtude reaulting from the cloud seeding program. However. it was c 
sidered likely that a one-year study could give som indications as to the 
probable type of effect bein1 produc d. 

In order to determine the probable effect of the cloud seeding progr 
on hail intensity and precipitation amounts , it ia necessary to analyze the 
buic data by several different methods, to evaluate the results obtaine bv 

• Numbers ref er to appended references. 
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each analysis. nd th n to make dedsion as o the most probable e.ffec 

of the ae din program. 
At the time of p1,epe.r tion of thia r port. the sic data are being 

analyzed. Until th various analyse are completed. it is not possible 

to state the degre of confidence th t c n be aacribed t 
research. 

e ulta of the 

It i the intention of the iter to complete the analyses of the b ic 

data, d to present the results of th stud to one of the technical ociety 
meetings early in 1960. As oon a the r sults are ready fo presentati.on 

to such a meeting, they will be made available to the officera of the North-

east Colorado Bail Suppreasion Association. 

The type of r aulta anticip ted ar a.s follows: 

1. A statement a to the probable f ect of the aeedina program on 
hail damag and precipitation mounts with pporting evidence 

and a atatem nt of degre of confidence. 

2. An eatimll.t of the possible economic cost• or bent>fits associe.ted 

with the ae ding prop- m. 
· Some of th factors to be considered in such co t analyeis are 

included in the followinl ection. 

Preliminary Economic Analysis 
An eatimat of the conomic benefit that would be aasoci ted with an 

aaaumed hail euppreasion effect c be obtain by applying loss experienc 
on sugar beeta as obtained from record from the Great Western Sugar 

Company. to crop production statistics from selected areas of northeast 
Colorado . 

Anal.yaia of the record.a from the Gr at Western Sugar Company for 

the period 1937 to 1939 and 1946 to 1958, indic tea n average annual dama,e 
to beets of the ~he vy damage" category ( 2) of 15 per cent of th total acres 

of sug beets planted for the Ovid. Sterlin&' and Fort Morgan districts of 
the Ore t We tern Sugar Company ( 3). Since crop hail insurance rate tor 

· ter whe t are twice tho e for sugar beet (4), it ia not unre onable to 
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o h win .. er \7heat ro of · t ~a.at th 

percentage~ th t is. 15 per cent. 

The production record for wi er wheat alone in Logan. Philli and 
Sedgwick Counties sho,v an verage annu value or"over $15,000.,000 for 
vr..nter wheat produced in the period 1948-57 (5). 

Destruction of an aver of 15 per c nt of this crop each year indi-

cate an verage annual dollar lose on nter heat in Logan, Phillips and 
Sedgwick Counties in excea• of 2,600.000. 

: I Thus, if the cost of a hail uppreseion program were $ 6 5, 000 an."l.ually 
· $6 000 

~ for these three counties, a reduction in hail loss of $ 1, 6J0 , 00 , or about 

2.5 per cent, would give a r uction in dollar los to wh1ter heat alone 
I . 

-J that would be equal to the coat of the eeding program. 
A similar analysis can b mad on he potential econ.omic valu of 

chang in precipitation amount th t might result from tlte cloud se ding 

progr m. The avera e summertime p ecipit tion t Sterlin1 is about l 0 
inches from ay to Se tember. U thie amount could be incr a ed about 
10 per cent, one ( 1) dditional inch depth of precipitation uld result. 

This depth of water on 3400 aquar mile (the pproximate iz of the 
target ar a for 1959), represents a v,,lume of approximately 180,000 &.ere-ft. 

The value of this volume of water w uld depend to a larae extent on the l d 
use within the area where it would be used. For rana land a value of $ 1. 00 
per acre-ft might be aaaumed . The coat of pumpina irrigation water from 
wells can exceed $ 10 . 00 per acre-ft. An verage value of $ 5. 00 p r acre-
is not unreaaonable . 

MultiplyiDa 180,000 acre-ft by $ 5. 00 per acre-ft value gives an ~1 · 
mate of $900,000 potential annual benefit from a 10 per cent precipit ation 
increase over the area of the cloud eeding operation in 19S9 in northeaa n 

Colorado . ' 
It should be emphasized that the foregoing estimates of nail auppr • 

aion effects and precipitation incre~ e are for illuatr tiv~ purpo es only. 
They are intended to show the pot ntial value o auccea in tt mpts at 
weather modification. 

-4 

'\ 



Indications 

The for going preliminary economic ana.1y is indicates that only & 

small hail uppression effect and/ or precipit tion incre is reqµ -ed 

to give a net benefit equal to or irea.ter than th co t of th~ c. oud seeding 
program. 

As th result of the analy now bein performed b come av ·1 bl , 
they must b examined in li t of th fore 0L11.g economic considerations ·n 
,)rder to e Um the c sts and ben fits a aoci ted with the v!enthe 

odification Program. 
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