THE EVALUATION OF POSSIBLE HAIL SUPPRESSION IN KANSAS

Donald Christy

Scott City. Kansas

The goal of Weather Modification was bushels of wheat--wheat being
the major crop of Western Kansas. The intent was to produce more rain,
since rainfall is the major limiting factor of wheat production in Western
Kansas.

The method of rain enhancement was based on the observation that when
an extremely small amount of Agl was released between 10:00 A.M. and
12:00 noon into a gentle up-siope wind (SE) when there was a rain haze
showing around the sun or a few small feathery cumulus had started to
develop, at about 4:00 PM, a rainstorm often developed approximately 75
miles northwest of the initial seeding location. The storm appeared to
move in a general easterly direction. These results seemed to require the
seeding to be done about 15-20 miles south of the desired rainfall location.

It was further noted that as long as Agl seeding was being used, these
clouds would reappear for days after the seeding stopped. This indicated
that the Agl persisted and remained in the area.

During 1956, the author developed the concept that continuous seeding
of small amounts of Agl was a means of starting an early convergence close
enough to the Kansas-Colorado border for the rains to continue into Kansas.
Those that started just west of the Kansas border were the ones that
supplied much of the Kansas summer rainfall. It had been noted that the
extremely short vectors of the windroses of Western Kansas were of about
equal length in each direction, indicating little net air movement into
or out of the area during the summer. If these assumptions are true, then
Agl releases in the area should permeate the area between rainstorms so
that upslope winds would carry them to a desirable location where energy
releases would start the convergence process.

The map (Fig. 1) showing the morning upslope wind direction and the
storm's easterly movement illustrates the concept. Since the rainstorms
form in the area every few days, and each storm results in a convergence,
the convergence would concentrate the Agl and it would be washed out of
the air on a regular basis. This would indicate the need for continuous
reseeding. '

The nine year Weather Modification attempt was initiated in 1957.
The idea was to use an eleven year trial, one sunspot phase. The experiment
was terminated after nine years due to the Federal requirements of record
keeping. It was noted that hail loss north and east of Scott City seemed
to be low during the seeding period. Crop Hail Actuarial Association
Insurance of Chicago was contacted as to available data. They supplied a
crop-hail computer print out of the hail Tow-risk ratio for the years
1924-1972 inclusive. This included not only a township by township, but
county by county, and finally a state, year by year summary.
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The search for the area of influence, if any, was initiated. The
procedure for determining changes in yields and changes in rainfall had
already been worked out. The same general procedure of analysis was used
to determine the effect of such seeding on hail losses. The procedure
was to determine the normal hail loss risk for each county for the period
of record. This was plotted on a Kansas map. Then a similar map was made
by subtracting the period of record from the period of study. Hence, if
the results were positive, there was an increase in hail loss compared to
risks taken. Since the anticipated effects were widely variable and small,
compared to other factors, the 4-county average, moved progressively,
tended to clarify the locations of change in losses. When the hail Toss
results are plotted on a map, the lines of equal loss drawn, the resulting
map (Fig. 2) indicates a reduction of hail Toss about 80% in the affected
areas. The data was plotted on the map (Fig. 2) then lines A-A, B-B, etc.
were analyzed. The cross sections representing A-A, B-B, etc. (Fig. 3) indi-
cates a broadening comparable to the original estimated divergence of the
storm paths. The divergence results in a broadening of the area affected
until it is almost as wide as the state is broad with indicated hail loss
reductions equal to about 30%.

There are two other comparisons that might be possible. The counties
just north and south of the affected area can be compared to the area
affected as indicated by Fig. 3. The hail loss of the area itself can be
compared to the years in which seeding was not being done.

In the first instance the normal hail loss for all the years are com-
pared to see whether there is substartial difference of hail Toss
period during which seeding was practiced would give some bias o
servative side. Compare column 4, Table I, the seeded area with i 4
of the unseeded area. Note the 7.39 loss of the unseeded years of the
seeded area compared to 7.47 of the unseeded area. To be conservative the
8 ig ratio of 65.01 would be corrected by multiplying it by Z~§7 6.13 by

7.15 * 9.43
100 = 67. 91% of normal loss, a 32% reduction in hail loss.

~ The other, compares the nine seeded years with the unseeded years
for the same counties divides the hail loss during the seeded years by
the hail loss during the unseeded years, Table I, Col. 3 divided by Col. 4 -

———?%3 x 100 = 82.95 or a 17.05% reduction.

One of the problems of this analysis is that a seeding comparison
between the hail losses during one phase of the sunspot magnetic polarization
could seriously bias the result if it were compared to an unseeded period of
the opposite polarity. Using Kansas as an example, if the years of seeding
had been in the south sunspot phase of 1951-1960 and the comparison was the
straddling years of 1941-1950 inc. plus 1961-1970 the results would have
been
%f%%-% 1'22 % 100 = 79.07 or an apparent 21% reduction. For the total period .
of 1924-1972 the reduction would have apparently been 2.69 x 100 = 46.33 or

4.73
54% reduction.
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In this particular instance the number of years selected accidentally
straddled the change from south to north phases with 4 years in the south
mode of the sun spot cycle and 4 years in the north mode of the cycle
(Fig. 5). 1In other words the seeding period covered the last part of the
1950 drought and the first part of the ensuing wet phase of the sun's polarity.

It should be noted that the sun spot phase does not affect precipita-
tion on the same time table in all parts of the world.

There does not seem to be correlation between the sunspots and the
precipitation in the Columbia River Basin. Further, there are places like
the northeastern United States where the effect of the sunspots are the
reverse of that of the mid-continent U.S. Hence, there is a need to analyze
the sunspot effect for the area in question.

Eleven counties of southwestern Kansas engaged in an all-out attempt
at weather modification in 1975. It started April 15 for both rain enhance-
ment and hail suppression. The rain enhancement stopped during most of
June to the first week of July, the wheat harvest period. The program is
to terminate in mid-September. The initial attempt to evaluate is shown
in Fig. 6 and Fig. 7, which shows the rainfall and the evaluation available
at the time of preparation of this presentation.
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Table I

1924 1057 1o24 Unseeded 1924 1957
Seeded to to to to to
Counties Yrs, 1972 1965 1956 Counties Yrs, 1972 1565
wallace Y 8,10 7.76 8.18 Cheyenne Lo 11.22 14,89
Thomas 49 6,08 3459 6.64 Rawlins 49 6.98 6.99
Logan L5 9.28 8.03 9.58 Decatur L9 4,96 6.27
Scott 48 7.86 5.67 8.37 Norton Lo 4,56 7.23
Sheridan L9 6. 54 L,c8 6.89 Greeley L6 o.,45 16,40
Gove 48 7.69 7.48 7.74 Wichita L6 9.96 8.43
Iane 48 6.48 7.53 6.24 Kearny L7 9.8 15,36
Craham 49 5. 74 3.67 6.21 Finney 48 8.04 8.07
Trego 48 7.21 6.67 7.33 Cray L7 5,08 5.21
Yess 48 6.53 5.87 6.68 Foxd 48 4,62 5,48
Yo, 10,00 10,00 10,00 10,00 10,00
+ 1.08 1.65 1.08 2.56  4.35
Av. 7.15 6.13 7.39 7.47 o,L43
Variance 15.16 26.91 14,65 34,26 46,15
747 6,13 - - .
7% X 5 X 100 = 67,91 = 32% reduction or 6.13 X 100 = 82,95 = 17% Reduction

7.39
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FIGWRE XIII

RESULTS OF
MUDDY ROAD |
15 APRIL TO 1 SEPTEMBER

‘_5/(1L REDUGED BY 32% IN TARGET AREA

463 473.00 AGRE FEET OF ADDITIONAL
WATER (EST.)

COST PER ACRE FOOT - 17¢

COST OF PROGRAM - $80,000.00

\ c
NORTH DAKOTA 507 COST SHARING
SQUTH DAKOTA $75°000.00 FROM

| STATE AND 75% COST
. | SHAR ING |
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FIGURE XIV
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TABLE 2

HAIL L0SS - RISK RATIO
¥ - ] y
WEST | MW [ We | ssw 45 oy
KAN. | KAN [ [KAN | [cAN |c0'S :
1924¢ 6.431 d.30 3450 7403091 3.450 5303 I+
1925 6453 5.04" 4.91] 8.5400] 4.02] 5.44 it
26 9427 4,36 1633 ) 6.8303] 5eti]| 4423 P
274 9.95 9.38 7e¢43 1 945200] 5e4b) 612 T+
284 17415 9,37 15055 12246700 5.25] 7.81 I+
29 3.87 4633 | 11,03 1040400 2.57] 2431 T+
133y 1.37 1.97 3,721 745599 183 2.38 I+
31 1.853 0.93, 2.30] 240600 1432] 1,57 i+
32 5422 1623 6439 3.8000] 2443) 1.74 I+
33 del2 0e33 . JedJd } Uod0UD| Je30] Vedd ¥+
34 3453 10,25 be53 | 44100UF d4.535) 151 I+
13935 Va3l 0437 ° 1605201 0.82) 1.26 b
36 Je34d 0e30" 097 140903} 0455 VabdD Z+ g
37 1.0¢ 1.54 0e53] 3,0800] 1.24] 1.4  z+ |
32 5669 7.33 Bel2] 44,8200 5e35| 422U T
39 8452 5441 12419(10,8005] 6435 4447 i+
1940 2.2) 1.33 1a77) 2,9420] De62) 0,25 5+
41 134 7.37 6433 58,3190 3,94 3.02 i+
4z 9.13 3473 14,92 5,7509] Genb5| 6433 T+
43 7.64 4.24 116420 7.1599] 5e2i) 54069 I+
14 3e53 7444 26230 2,1400] 2.551 2.34 T+
19454 8455 15,32 8e04| 4.9930) 7.99f 7.23 X+
K 3enl .51 3ol 247209 2431 3.01 L+
474 5.14 3¢23 4.74 3.60u0l 5.711 5.70 5+
45 9e32 13.33 10631 1,489 5011 S5edu 2+
43 13.v1l 23425 F.4U) 3,470y 4,651 5.70 i+
195u heldid 5657 Se17] 644100 3433) 2031 I+
514 11.77 3445 10.93114,1709] 102351 7.73 T+
52 3e03 CRA 2475) 2,630 4.10] 2435 i+
53 2453 5450 137 1.57391 3e42) 3412 i+
24 7473 3.83 20141 643200 5.95) 3.47 P
53 345 5,002 16044 5 555, JeZli}] 5440 <+
54 YE 3.37 2.9 a.5499] l.3s| 1.53 5+
57 12.35 Geb3 15.23)15,0649. 54153 4,443 &+
554 10423 3.61 545U113.5503] 4.453] 5.51 i+
54 2.33 5e59 131 1,510 1.65] 1+30 ¥+
1966 3¢390 3.37 633 1,930 2607 2435 i+
610 1079 14,45 16633 4:3800 4e7u]| 4e60 I+
62 745% a,38 7¢391] 7.0103] 5e81] 5453 I+
63 5434 3492 1e531 £.8400] 2449 3.02 i+
54 56053 7613 8e7i| 1,430 4414} 30l S+
1365 7.51 5al2 5¢75] 9,4400] 4.35) 3.75% i+
) Jev ) 7eud Geld] 2.4000 Hedl | 4622 2+
S70 1240s) 11437 13.00013.8100] 6410} 9453 i+
55 Se3V 4,75 10e33] 4,252 4,50 3.74 L+
sy 4e13 3.51 3.37] 4.4990 4,851 30 o
1972 3e0d2 5¢25 Ye03) 4.8500] 5e25F 4670 i+
71 heSy 10617 del/b) 3.30091 11ec2] 5.1y T+
7 Je34 4,54 3.941 3,.392000 1.311 1.45 Y+
NCYRS s3.09] 43.02 43,00 43,0004 49,00 ffd43.0u ¢
3457 4453, dobdl 4,433 2.43) 2402 a¢
AV He33 Jewd 739 6.0343] 4,341 34399 X <
| <
VARI- _ , x
AMECE | 54,.:5{55.4157 [63.3057|72.867 55,03 |51.57 ©
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