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CHAPTER I
INTRODUCTION
A. THE PROBLEM AND OBJECTIVE

The risk and uncertainty of Great Plains agriculture
have long been cause for concern.

The number of factors that affect corop yields is thu;k
infinite. Many exert great influence while the effect of
others is only slight. A knowledge of the various relatione
ships which exist between these factors and production is
of considerable importence in making farm management decisions.

One of the most important factors in the determination
of yields in South Dakota is precipitation. When rainfall
is deficient, ylelds are generally below average.

The effect of other climatological factors during the
growing season is often apparent., High tonporut\n-;l. drying
'u.tndn, and cloudless days frequently hasten the appearance
of drouth conditions and lessen the beneficial effects of
seagsonal rainfall, particularly if it is light,

Research conducted in this field in the past has largely
ignored the preseasonal period., However, the attention has
become focused upon this period due teo a study by Pon.pal
in which preseasonal precipitation was used as the independ~-

ent variable in yield forecasting regression equations,.

I Ray F. Pengra, "Estimating Crop Yields at Seeding Time
in the Oreat Plains,"” The Agronomy Jowrnasl, May, 1952,
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The influence of preseasonal precipitations on erop
yields, however, probably depends in part on other presea=-
sonal factors, as relative humidity, wind movement, sunshine,
eloud cover, and temperature, These factors are effective to
the extent that they limit the actual accumulation of moisture
during the preseasonal period. |
The objective of this study is to investigate the relation-
ship bott‘v“n the yield per acre of wheat, oats and barley and
the preseasonal climatological factors. If these factors li"
found to exert an important influence, reference will be made
to cultural practices which have for their purpose the control'
of this influence. ‘
B. DEFINITIONS OF TERMS USED

-

Preseasonal precipitation period. Backward from llnrqh
28 through September 13 of the preceding year.
| Seasonal precipitation peried. March 29 through July e

Total crop year precipitation period. Preseasonal
precipitation period plus seasonal precipitation period.

Evapotranspiration Soil moisture losses due to evap-

oration and transpirstion.

Five station average data. Average of data from the
Us 8. Weather Stations at Huron, Redfield, Forestburg, Clark,
and Miller.

"Effective" precipitation. Amount of #ctual precip=



«3J=

itation which is retained in the soil for crop production
utilization.

a=
be
d-
re-
X~
Y-
L ™

X-

C. EXPLANATION OF SYMBOLS

Ordinate intercept in regression equation.
Regression coefficient and slope of regression line.
Deviation from regression.

Correlation coefficient,

Precipitation in inches.

Yield in bushels.

Indicates significance at the five percent level,
Indicates significance at the one percent level.
Arithmetic mean.

/!7; Arithmetic mean of aﬁaolnto values.



CHAPTER II
METHODS AND PROCEDURES
A, METHOD OF ANALYSIS

Since precipitation is the limiting factor in erop
production in South Dakota, regression equations of the
type ¥ = a + bX, involving yield (Y) and precipitation (X),
give an indication of the yields normally expected from a
given amount of precipitation. Doviltiﬁn- of the observed
yields from those indicated by the equations represent the
variations in yileld due to factors other than precipitation.

For exemple, unusually heavy insect infestation during
the growing season could cause the actual yileld to be lower
than normally would be oxpocéed on the basis of total precip~-
itation.

I Other seasonal factors which probéably contribute to the
residual variation are: climatological factors, soll condi-
tions, weed infestation, crop disease, management, etc.

The deviations of the observed ylelds from those indicated
by the equations were related to specified preseasonal clima-
tological factors to determine if the latter do exert an
important indirect influence on yield. The results are pre-
gsented in the form of simple correlation coefficients involving
the factor under eomidoratlo_r} and the appropriate deviations.

Better results would be obtained from the analysis if

the variation due to the uul__annl factors could he removed



e
from the data first. However, the procedures involved

would be too complicated, if possible at all, to be practical.
B. CHOICE OF PRESEASONAL CLIMATOLOGICAL FACTORS

Factors? which affect evaporation and transpiration
are temperature, relative humidity, wind movement, and
length of daylight. High temperatures and wind movement
increase evaporation and transpiration while high relative
humidity decreases these moisture losses., Sunlight aids
plant growth thus encouraging transpiration.

The above mentioned factors were those considered.

C. THE SELECTION OF THE DATA

-

Most weather stations in the state do not have long
time records of the variables under consideration; oonu'quantly\-,
the data used nm determined by the records available rather
than random nloct:!.on.

Beadle County was the only county ilmportant agricult-
urally for which there were appropriate data available.

Fortunately, Beadle County is ideally located ‘ror this
study in the central part of the eastern portion of the
state, The weather station at Huron is centrally located
within the county. ‘

ng oe.

ment inEI
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Weather records available included data on precipitation,
snowfall, temperature, relative humidity, wind movement,
percent of possible sunshine, and cloud cover,

The sunshine and cloud cover data are measurements of
the same factor; however, both sets of data were carried
throughout the study because they were obtained by dirrofont
methods., The cloud cover data represent the weather ob-
servor's estimate of the cloudiness of the area for each
day while the sunshine data were obtained by a marvin type
sunshine switch3 which reglsters only while the sun 1s
actually striking it.

In addition, it was desired to secure an average of
reported precipitation from more than one station in order
to reduce fluctuations due to local storms. A five station
average was obtained by using precipitation data from the
Huron station lndltho four swrrounding stations ~- Redfield,
Miller, Clark, and Forestburg. For comparison, both the
Huron data alone and the five station average data were
carried throughout the study. .

The temperature data used was also a five station
average. It was considered that the five station average
would be more representative pr the area under study than

the data from the Huron station alone.

3. U, 8, Weather Bureau, Huron, South Dakota,



Fig. 1. Location of Beadle County and five weather stations.

SOUTH DAKOTA

Redfield
e * Clark
* Hurion
Be
Forestburg

Source:

P Y

State and county outlines from mimeographed map, Economics
Department, South Dakota State College. Station locations
from Heammond's New Practical World Atlas, 1956.
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De CROP YIELDS STUDIED

For yleld data the three most important small grain
crops for Beadle County were chosen., These are spring wheat,

oats, and barleye. Durum wheat was not included.
E. YEARS STUDIED AND SOURCE OF DATA

It was desired to study consecutive years covering periods
of below average precipitation and poriod- above average,
Yield and precipitation data were avallable for the years
1926 through 1954. This was the period used for the regres-
sion equations involving pm_c.tps.tsti:n and ylelde For the
other climatological ruct-orq, data used were for the pree
seasonal periods of the you;u 1926 through 1952, 1953, or
195k .
| All yield data are from South Daketa Crop Reporting
Service reports. Climatological data used are from the
United States Weather Bureau Stations at Huron, Redfield,
Clark, Miller, and Forestburg.

Fo DETERMINATION OF PRECIPITATION PERIODS

The determination of the precipitation periocds was
somewhat arbitrary, Pong't'*' had concluded that August prec-
ipitation did not appear to gmh a significant contribution
to the crop yleld the following year. Becauge of this,

e Pengra, loec. cit.
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it was felt that it might be well te start the preseasonal
precipitation period about the middle of September. The
breaking point between the preseasonal and seasonal periods
was chosen around the last part of March., ILittle spring
seeding 1s done before this time.

The choice of the first part of July as the termination
point for the seasonal precipitation period was made because
it was felt that precipitation could r_mt contribute much
to small grain yilelds after they had begun to ripen.

Actual dates for the periods used were determined by
the fact that much of the data was obtained as weekly totals
and the dates chosen coilncided with the beginning or the
ending of a climatological pook. |

The two precipitation ;poriodl were carried separately
Ithroughout the study for comparison, The total precipitation:
period--preseasonal period plus seasonal period--was used
in the correlation analysis since it was expected to represent
the best reletionship between yleld and precipitation,.

The two precipitation periods were not used as separate
independent variables in a multiple correlation snalysis
boonu.o of the expected correlation between them.

Ge gg?ﬁwsgggl. TIPgIgg Qggggfgxgi CLIMATOLOGICAL

Dates covered by the cﬁnntologinil data were those
in which evapotranspiration in the preseasonal period would,
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most likely, be heaviests The exact dates were determined
by the beginning and ending of climatological weeks. They
were from August 2 through October 17.
The middle of October was chosen as the cutoff date
because the likelihood in porconts of freeze temperatures
occuwring on any day later than this approaches 100 for this

area.
He ALLOWANCE FOR MISSING DATA AND ADJUSTMENT OF DATA

Occasionally precipitation or temperature data from
& single weather station was missing. When this ecccurred,
the average of the other four stations was used as the five
station average figure. |

Relative humidity datt* was recorded four times & day
at 12300 PoMe, 6:30 and 12:00 A.M., and 6330 P.M, No record °
had been kept for the midnight reading for the years 1921
1936, 1938, and the years 1948-1951,

In adjusting for the missing data, it was noted that
for a thirty year period the 12300 P.M. readings followed
the 6230 A.M. readings very closely, tending always to be
less. The 6330 P.M. readings followed the 12300 A.M. reade-
ings tending always to be slightly larger. The actual

S5e Ray F. Pengra and M, D, Megnuson, "ILikelihood of Dam=

aging Low }bnpor;:ut-; Dg:l Growl 8.8:-:1‘:,' cult~
a t a u tin u Dakota ate
Fottoges Kugust To81- B p._i%;_s. :
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percentages were 89+52 and 104,17 respectively, The missing
data wes computed by applying thess percentages to the apprope
riate reading for each year,

The wind movement totals were adjusted because it was
noted that subsequent to 1938 none of the totals were as
low as the previous high had been. On checking the weather
bureau pamphlet, "Local Climatological Data, 1954," for
Beadle County, 1t was found that in 1938 the station locatien
had been changeds Rather then throw out the early data,
the data recorded subsequent to 1938 were adjusted downward
to make them comparable, The average of the pre~1938 period
was Th.6 percent of the postc-i%B period average. The ad=
Justment downward of the pagt~1938 dnti was accomplished
by multiplying 746 times sach figure.



CHAPTER III
PRESENTATICN AND EXFLANATION OF THE RESULTS

Beadle County yield data is presented in table I.
For the p;riod under consideration the average ylelds in
bushels per acre for wheat, ocats, and barley were approx-
imately nine, twenty, and fourteen respectively,

Precipitation data from the Huron station is presented
in table II, Table III contains the five station average
data, In general, the five station :Qerngo data is slightly
higher than the corresponding data recorded at the Huron
station alone.

The close relationship between total precipitation and
yield is indicated in rigupp 2. It clh be seen that much
of the variation in yield fi associated with variation in
precipitation.
. Figure 3 presents an example of yield plotted against
total crop year precipitation., The corresponding regression
line is also shown. The regression line fits the data quite
well with the exception of a few low ylelding years. The
true total production function for yield and precipitation
is not linear due to the fact that an oversupply of moisture
will result in lowered yleld. However, this situation rarely
occurs in central South Dakota.

Regression equations were developed for all precipitation
periods and ylelds by the method of least squares., These
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equatlions are presented in tables 1V, V, and VI. Standard
errors of the estimate for each of these equations were
caleculated. They are presented in table VII,

The standard errors serve &as a measure of the residual
variation. The smallest errors are associated with the
regression equations involving total crop year precipitation
and yield.

The regression coefficients are presented separately
in table VIII., All are highly significant. The indications
are that one would normally expect that each additional inch
of total crop year precipitation would add to yleld approx=
imately one bushel for wheat, two and one-fourth bushels
for ocats, and one and one-fourth busbéls for barley.

Correlation coefficiefits were computed between each
precipitation period and the yield for each small grain
-crop. All of the coefficlents were highly significant,

The largest coefficlents were obtained between total erop
year precipitation and yleld, These coefficients are tab=
ulated in table IX.

Deviations of observed ylelds from yields caleculated
on the basis of the regression equations are presented in
tables X, XI, and XII. The total precipitation deviations
represent the data that were correlated with the preseasonal
climatological data,

-

Tables XIIXI, XIV, and XV present the preseasonal clime-

121867 SCUTH DAKOTA STATE COLLEGE LIBRARY
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stological data used. All date is expressed in terms of
daily aversage figures with the exception of snowfall which
is represented by the totals accumulated over the preseasonal
periods.

The correlation coefficients between the deviations
end the verious climatological factors are presented in
tables XVI, XVII, XVIII, IXX, and XX, For the factors of
wind movement, temperaturs, relative humidity, sunshine,
and cloud cover, the deviations used were those obtained
fro‘n the regression lines involving total erop year precip=-
itation and yleld.

The correlation coefficlents involving the eloud cover
aate were all positive. All exhibited significance at the
five percent level while twb were significant at the one
porcant leveles This indicates thst positive deviations from °
regression tended to be zssociasted with above average amounts
of cloud cover in the preseasonal period while negative dev-
jations tended to be associated with below average amounts.

The sunshine correlation coefficients varied in a neg-
ative direction, Only one was significant at the five percent
level.

Correlation coefficilents involving relative humidity
were all positive with one éxhfibiting significance at the
one percent level and only one failing to exhibit significance
at the five percent level,
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The correlation coefficients for temperature were all
negative. Two exhibited significance at the five percent
level.

No significance was exhibited by the wind movement
correlation coefficients. All were negative.

For the snowfall correlations, the table is divided
into two parts. The first part shows the correlation coef-
fielents obtained for snowfall and y&qld while the second
part shows the correlation coefficlents for snowfell and
the devietions obtained from the regression equations in-
volving seasonal precipitation and yleld.

The deviations from regression involving total erop
year precipitation cannoti bg used in thla case because part
of the preseasonal precipiﬁition is made up of snowfall.

To keep the varisbles independent, snowfall and preseasonal
precipitation cannot both be used at the same time in the
analysis.

All of the snowfall correlation coefficients are extremely

lowe.
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Table I

Beadle County, Average Yield Data, 1926-1955

Rarley
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South Dakota Crop ard Livestock Reporting Servicee

Source ¢
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Table II

Precipitation data as recorded at
Huron, South Dakota, 1926-1953

Year Preseasonal Seasonal Total Crop Year |
Precipitation Precipitation Precipitation
(in. ) (in. ) (1110 ) ’
1 26 '01 » 8.
92 g.z 3.12?’ 15.5‘5r§
2 8' 3 946 13456
29 «67 S5e50 12.&
R g"{g g'g; ﬁ:hz
5 B bu32 .18
1231. 3.66 5210
3 L1e29 9410 13-1;9
3 23 E}Zg 1327
33 E'sg 103151; 113:9
9 3 Te 11.17
lzo a.oa L o6 8.6
L1 3.0 7420 1042
lﬁz 1g.g§ 13.00 22.);3
.8 132 18,
'ﬁg 20l 10048 152
L 6,32 6.77 13416
b7 10,5 9425 19.78
148 6.22 10.56 1745
49 3e 5488 9.12
- 50 5‘2" 5,02 m.az
80 4 3
23 bok9 11.13 15.62
- 4 53 7.8 13.1

Source: U, S. Weather Bureau, Huron, South Ddt ota.
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Table III
Five Station Average of Precipitation Data, 1926-195l

Year Preseasonal Seasonal Total Crop Year
Precipitation Precipitation
(in.) , (in.) (ine)
1926 5421 8.62
; 2.35 10,22 16,57
29 .gg g.g 10.21
30 8e 8.81 16.9
31 Z o8 7430
32 077 7'
3 h. * 10.6
25 7.11
3 5.25 3.58 1%
3 3.02 o 75 o7
3 E.ba 7:56 13.1
3 o5l 10.69 15.23
9 2.92 S 9470 13462
0 020 : 5.83 12,07
L1 3493 9. 13.71
ly 1047 12,60 23.0
ly L J440 9.06 13.
5415 12, Z
N 597 1041 16.1
L Te13 8.78 15,91
hg 11.2 9.36 2045
L 748 Z' 17
L9 %.u . 10455
50 32 Te3 13, g
: 092 10.7 18.7
3 3% 5 I8
sﬁ 2.!;0 7.36 1426
X 549 843 1.2

Source: U. 8. Weather Bureau Station at Huron Redfield,
Miller, Forestburg, and Clark, South Dakota.
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Fige 2. Total precipitation and oat ylelds for Beadle
County for the years 1926-1953 inclusive,

Prec,
(ine)
20
10
0
Yield
(b:h ) '40
30
/
10
y O 2{ o 0 ™M
PN
% S 3 A )

Source: U.S. Weather Bureau and South Dakota Crop Reporting
Service,.
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Figs 3. Total precipitation plotted against oat yield for
Beadle County for the years 1926-1?51; inclusive
and the corresponding regression line.

Yield
(bu, )

30
20

10

10 15 20 25
precipitation (inches)

Regression equation: Y =z =10,515 4 2.294X.
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Table IV

Regression equations involving Beadle County wheat
elds in bushels (Y) and preseasonal, seasocnal, and
otal crop year precipitation in inches (X) for Hur

and five station average data for the years 1926-19§£,

inclusive.

Precipitetion Data

Regression Equntioni

Huron Preseasonal

Huron Seasonal
Huron Total Crop Year

5 Station Ave. Preseasonal
5 Station Ave, Seasonal
5 Station Ave. Total Crop Year

Y S 1,217 + 2437 X
Y = 0656 +‘ 1.058 X

Y = «2,083 ¢ 835X

Y® ,260 ¢ 1467 X
Y 2 21,209 4 1.220 X
Y ® ).838 ¢ 968 X
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Table V

Regression equations involving Beadle County oat yields
in bushels (Y) and proseasonal, seasonal, and total erop
year precipitation in laches (X) for Huron and five stae
tion average data for the years 1926-1954, inclusive.

¥ o

Prqcipitation Data

Regression Equations

Huron Preseasonal
Huron Seasonal

Huron Total Crop Year

S Station Ave, Preseasonal
5 Station Ave. Seasonal
5 8tation Ave, Total Crop Year

Ys 146
s -k.laz
Y ® «10.515

Y= «168
X - ’70510
Y 2 1,564

.

3.651 X
3.059 X
2.294 X

3312 X
3.279 X
2.412 X
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Table VI

Regressicn equations invelving Besdle County berley
yields in bushels (Y) end preseasonal, =easonal, and
total erop year precipitation in inches (X) for Huron
and five station average data for the years 19261954,

inclusive,

Precipitation Data

Regression Equntiom‘

Huron Preseasonal
Huron Seasonal

Huron Total Crop Year

5 Station Ave, Preseasonal
5 Station Ave, Seasonal
5 Station Ave, Total Crop Year

Y &
Ye
Y s

Yy s
s
Y =

2,188

«872
'3.201

1.225
«1.,601
6273

2.188 x
1.670 X
1.299 X

2.150 X
1.869 x
1.453 X
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Table VII

Standard errors of the estimate for regression equations
of Beadle County small grain ylelds in bushels on pre~
seasonal, seasonal, and total crop year precipitation in
inches for Huron and five station average data for the
years 1926-1954, inclusive.

Precipitation Data Wheat Oats Barley
(bu. ) (b“o ) (b“. )

Huron Preseasonal 3.60 - 8.18 5.24

Huron Seasonal 3454 £.98 5.05

Huron Total Crop Year 3412 SeTh 433

5 Stetion Ave. Preseasonal 3.56 8.76 5433

5 Station Ave. Ssasonal 3,57 7«67 5.18

5 Station Ave., Total Crop Yn2,97 6.60 L1435
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Table VIII

Summary of regression coefficients of Bsadle County
small grain ylelds in bushels on preseasonal, seasonal,
and total crop year precipitation in inches for Hur
and five station average data for the years 1926-1954,
inclusive,

Precipitation Data Wheat Oats Barley
Huron Preseasonal 1.437"  3.651" 2,188"
Huron Seasonal 1,058"  3,059" 1.670"
Huron Total Crop Year o835"  2,294" 1.299"
5 Station Ave., Preseasonal 1467T"  3.312" 2.150"
5 Station Ave, Sessonal 1.220"  3.279" 1.869"

5 Station Ave, Total Crop Year .968"  2,412" 1.453"

" Denotes sigrificance at the one percent level,
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Table IX

Correlation coefficients of Beadle County small grain
ylelds on preseasonal, seasonal, and total crop year
precipitation for Huron and five station average data
for the years 1926-1954, inclusive.

Precipitation Data Wheat Oats Barley
Huron Preseasonal 624" 667" 641"
Huron Seasonal 635" «TTA® 675"
Huron Total Crop Year . 738" 852 113"
5 Station Ave. Preseasonal 634" 602" 626"
S Station Ave. Seasonal 632" «TU4" 653"

S Station Ave. Total Crop Year « 763" o199 LTT2*

" Denotes significance at the one percent level,
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Table X

Deviations in bushels of observed Beadle County wheat yields from yield expeoted
on the basis of regression equations involving yield and preseasonal, seasonal,
and total orog_{ou- precipitation from Huwron and five station average data for
the years 19261954,

® . . * . L
1926 =2 o2 Ze? wlo5 -le7 =1,5 ol
a7 4,3 3.8 3.4 4,9 3.2 3.3
28 o0 =34 -2y3 o7 o6 1.9
29 -y 3.8 2.2 2 5.0 3.5
30 247 3,0 247 o0 247 °
31 -5.9 w2g0 -3.3 ""705 .305 "506
ﬂ -2.1 1.7 .1 4.2 .7 - g
33 » =38 =28 o2 =iyl wiyl
34 =3,3 =t 5 -2e,2 =iy S wie0 =20
5 1.8 1.0 .1 1.3 4.2 - g
36 wbed wde2 3,5 3,5 =34 -leS
37 6.2 '4.6 -‘.9 .4.4 ‘3.’ ‘3.8
38 .B -3.2 -1.9 1.6 .3.3 4."
» . =249 =1,1 . 4,5 2,2
) . 240 244 «1.8 1.6 8
4] 4,2 1.5 3,3 3.8 - 9 1.4
42 3,6 . wiel -z o9 -7 «5,0
43 -2.5 -‘.5 -4.0 - .7 -3.8 -2.2
44 o 4,0 =32 247 =3,8 =2,0
45 11,0 748 Be6 10e5 863 B8e7
46 1.6 4,2 3.1 1,3 245 1.4
‘-7 - g 5.0 1.6 - 07 5.8 .9
48 2,9 242 1.5 262 3.1 1.6
40 246 1.6 3.0 2,2 1,9 31
S0 2.2 5.0 4,5 1.5 3,2 2,6
51 3.7 1.4 o7 4,1 4,1 2.7
52 -hy3 1.6 - ol =33 1.1 o
53 «8 3,9 -2e5 1,1 5,3 wie3d
54 - o4 1,0 . od 1,6 1.0
/x/ 2.8 3,2 246 2,7 3.1 2,3

» Subsoripts refer to preoipitation periods used in regression equations,
1, Huwron station preseasonal.
2. !Inn station seasonal,
station total crop year,
4, Five station average preseasomal,
S5 Five station average seasonal,
6, Five gtation average total orop year,



Table XI

Deviations in bushels of observed Beadle County cat vields from yield ected
on the basis of regression equations i.nwlvin? 7u1¢y:nd lmﬁll, 3“:;1,
and total creop precipitation from Huron and five station average data for
the years 192 54,

Year dy ap ds_‘ a ‘. as* ‘6.

1926 -7 w5, -2 ,0 wdly g oS 9
27 4,9 3.1 2,3 Ge7 1.9 2.5
3 4,3 =Byl =1,8 Se3 6,0 Bes7
29 5,2 647 1.9 3,0 0,2 4,8
30 3,1 3.9 3.1 -2e7 3.0 wled
n «=18,8 -8, -ll,9 w2? ol =12 46 «18,1
2 =7 0 3,0 = wle . wZy3
33 =048 -f,8 -d,5 «ld,7? 941 9,1
34 =544 740 «-le2 0 o6 w644 ¢
5 .7 —6.8 .3.5 - .7 -7.0 4. ’
36 «]2,7 -85 7e2 D42 -7l «3,2
¥ «0,8 -8,1 349 «7 o8 5,3 6,2
B 1l3 -0,8 AQB 2-8 -005 -%2
30 1.3 ‘.4 -1.6 .3 "'1008 *s
40 2,8 2,0 2,7 846 A 2,4
4 645 R 4,8 447 647 oy
42 205 8,0 -y 3 5.7 6.7 - .6
43 1.8 =39 wZ.l Se8 -l? 2,6
44 5.0 044 65 9.3 «748 2,1
45 22,5 13,1 15,9 2.1 15,2 16,7
46 o3 745 4,3 o 2.7 ™
4 -10,.1 4,4 «God -8 o9 5.3 b6
48 7.7 4,9 3.5 67 8.0 4,7
49 6,0 4,2 76 442 4.4 7.1
50 1.0 943 743 - of 3.8 2,0
51 12,8 5.0 3,7 14,6 13,2 105
52 -f 2 10,4 540 w3eb 840 4,5
5’ 5.5 -6.9 d. 3 6.7 -9.9 -3'9
54 4,0 746 Se3 6ol 9.2 77

/X G4 6ed 4,7 649 6,7 540

s Subgeripts refer to preocipitation periods used in regression equations,
1. Huron station preseasonal,
o Huron station seasomal,
3, Huron station total crop year,
4, Pive station average preseasonal,
5. Five station average seasomal,
6, Five station average total crop year,
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Table XII

Deviations in bushels of observed Beadle County barley {llldl from yield expected
on the basip of regression equations involv yield and pre » and
total ww precipitation from Huron and five station average dada for the
years 19 S4,

L » - £y > -
Yar & i a3 a4 as i
1926 - o9 =)e5 1.4 - a3 o2 205
Z 73 645 640 8,3 Se7 549
28 o6 =246 «0 4,5 6e3
29 iyl 246 ol =249 4,3
£ 645 7.1 646 2.7 645 3.5
31 =845 -2 ob wiy5 «l0,9 =9 -8,1
» -Z,l 3.7 1,2 - o7 2,2 .
3 =041 -7 o9 wbfyd =11,9 -0 -8,7
34 5,3 -’ 0 -3y -’ od a3
35 3 -3,8 -2 0 - g2 wtly 0 -leS
36 =846 b6 5,7 -y 0 =546 -2y
k74 =546 i 6 =5,0 -dy3 3,5 -3, 4
38 4.9 =143 s 6.0 -le4 1.6
39 il 0 -le3 o3 o5 w3yl
40 = 8 1.4 s . =
41 7.1 3.1 5.8 6.’ - 9 2..
42 “1‘9 2. 1 4. 8 - .7 1. 1
43 -3,3 =645 - o7 5e3 w2e8
44 =3,5 -11,2 -9 - .8 =107 =’ o8
45 1z, 7.1 8,5 11,4 8,1 8.8
L) o8 4.8 3,1 o4 242 b
47 -l 2 4,7 -l 5 -ty Sel -2 a2
. 48 5.7 4,5 3.5 4,8 6.1 3,9
X 247 1,3 3.4 1,9 16 3.4
50 1.2 Se7 4,8 2 248 1.8
51 5.0 el Se? 5.5 340
52 «5,0 4,3 1.4 =345 3.2
53 2.5 5,0 =2 o6 2,8 -5 =347
54 2,8 S.0 3.7 4,0 5.9 5.0
L . — N1 % S N N

1, Huron station preseasonal,

2. Huron station seasonal.

3, Huron station total erop year,

4, Mve station average preseasonal.

5, Five station average seasomal,

6. Five station average total crop year,
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Teble XIII
Preseasonal climetological data expressed as & dally avee
ru € for the periods August 2 - gzbor 17, for the years
6*1952.

Year Relative Wind Sunshine Cloud
Humidity Movement Cover
(percent ) Readings {percent ) (percent)

1926 59.6 212 118433

; 693 226 %2 bSe77
2 632 2 9.38 h2.31
29 61.2 13 g L2,28
30 63 185 60. 1 4795
31 62.% 1gz hs.gx
32 57 2 .31 39.02
3 5@.8 226 -32 Bgor

557 221’!» 52 3
3 5245 18 1.96 37
5502 227 7572 30-37
3 53 227 - 73420 33.85
3 5940 236" O.gk ge-g7

9 5’02 217 50 . 7

0 5346 235 70404 9462
ll.l 9.5 ?5060 7-6
L2 2.2 ' 5 ?5. 5 1.2
L Zg. 00,68 2436

o2 7063 ﬁ «37

Iy &.6 0420 9e49

I N 206 22 47.69

ux Zz.z 219 5l465 5530
1', . Zzoz 1.20 0.
49 o0 8.68 Be

gg 22.% ioi 63.90 lﬁ.;‘r

22 67 141 ok 38

b 4 62.1 212 66.73 M-looz

Source: U, S. Weather Bureau Station, Huron, South Dakota,
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Table XIV

Five station average of preseasonal temperature
data for the years 1926-195),

Year - Temperature
(degrees F,)

1926 63494
5 ‘é%’%%
2 3.1k -
33 63.1
31 65.31
32 67.512
38 2,5,'70
36 62.5
37 6 .1J
38 25.28
3 TR
1 22.05
L2 Seli
%o 2"23. 0
L5 62.33
12 gk
L8 68.
9 223
50 62,
2 600ty
gﬁ 68:%

X bl el?

Source; U. S. Weather Bureau Stations at Huron,
Redfield, Miller, Forestburg, and Clark,
South Dakota. ;
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Table XV

Preseasonal sneowfell date as recorded at Huron,
South Dakota, 1926-1953.

Year Preseasonal Snowfall
(inches)

1926 22.2
2 1647
2 2049
29 32.2
30 2942
31 942
2
% 19.5
35 10.6
36 L;Z.%
37 0.6
i i
go 3215
nl 2503
}4,'1 23.6
i %1
1’16 21%
18 5.2
9 297
50 Bg.z
2 138
53 32:9

X 30,0

Source: U, S. Weather Bureau Station, Huron,
South Dakota,
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Table XVI

Correlation coefficients of e¢loud cover and sunshine
against the deviations of small grain yields in Beadle
County from yields expected on the basis of regression
equations involving small grain yields and total erop
year precipitation for Huron and five station average
data, Cloud cover and sunshine data was observed at

the Huron weather station during the preseasonal periods
for the years 1926-1952, inclusive.

5% * -3
Precipitation Data r37 r38 r39
Huron Total Lo «505"  GJly70"
5 Station Ave. Total « 376" «396" 405

& 5 #*
Precipitation Data rh7 th rh9
Huron Total :'0259 - 077 "03&8'
5 Station Ave. Total -e138 «e 065 «,216

' Denotes significance at the five percent level one tailled test,
" Denotes significance at the one percent level one tailed test.
# Subscripts: )
ﬂ- Cloud Cover,.
e Sunshine,
« Wheat yield deviations.
e Oat yield deviations,
9« Barley yield deviations,
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Table XVII

Correlation coefficients of relative humidity and the
deviations of small grain yields in Beadle County from
yields expected on the basis of regression equations
involving small grain ylelds and total crop year pre=~
cipitation for Huron and five station average data.
Relative humidity data was recorded at the Huron wea=-
ther station during the preseasonal periods for the
years 1926-1952, inclusive.

. # *
Precipitation Data rs,, | r58' r59
Haron Total o33t o364 ,218
5 Station Ave. Total L1251 466" (3571

' Denotes significance at the five percent level, one tailed test.
" Demptes significance at the one percent level, one tailed test,
# Subscripts: .
S« Relative humidity.
Z. Wheat yileld deviations.
« Oat yleld deviations,
9« Barley yleld deviations,

-



Table XVIII

Correlation coefficients of temperature against the
deviations of observed small grain ylelds in Beadle
County from ylelds expected on the basis of regression
equations involving small grein yilelds and total crop
year precipitation for Huron and five station average
data. Temperature data is the five station averages
from preseasonal perieds for the years 1926-195l,

in clusive. ;

& #* #*
Precipitetion Data '27 rZB : r29

Huron Total '0225 “01% "0069
5 Station Ave. Total o367 =31 -,215

' Denotes significance at the five percent level, one
tailed test.
# Subseriptsi _
2¢ Temperature. .
z. Wheat yleld deviations.
e Oat yield deviations,
9« Barley yleld deviations.
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Table IXX

Correlation coefficients of wind movement and the
deviations of observed small grain ylelds in Beadle
County from yields expected on the basis of regression
equations involving small grain yields and tetal ecrop
year precipitation for Huron and five station avera
data, Wind movement data 1s from preseasonal periods
for the years 1926-1952, inclusive, observed at the
Huron statione :

% 3 ¥
Precipitation Data r17 rlB . r19

Huron Total Crop Year -e228 «e227 =.182
S Station Aves Total Crop ¥Yr. =~.272 “e230 =,218

# Subsecripts:
ls Wind Movement.
Z. Wheat yield deviations. :
e« Oat yleld deviations. s
9« Barley yleld deviations.
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Table XX

Correlation coefficients of snowfall versus small grain
ylelds in Beadle County for the years 1926~1953, inclusive,
and correlation coefficients of snowfall versus the devie
ations of small grain yields from {mlda ex;l)eotod on the
basis of re ssion equations involving small grain ylelds
and seasonal precipitation for the five station average
datas The snowfall data was recorded at the Huron weather
station during the preseasonal periods from 1926-1953,
inclusive.

Snowfall Data Wheat Oats Barley
Huron Preseasonal -.033 <046 L0032

Precipitation Data . " *

5 Station Seasonal .037 «127 <093

# Subseripts:
6+ Snowfall Py
g. Wheat yield deviations,
e Oat yield deviations.
Q¢ Barley yield deviations.



CHAPTER IV
SUMMARY AND CONCLUSIONS
A, SUMMARY OF PROCEDURE

In a previous study, Pengra established that presea~
sonal precipitation was an important factor in ecrop produc-
tion. Other preseasonal climatological factors act on the
actual precipitation received to determine what "effective”
precipitation will remain to contribute to yleld. The obe-
jective of this study was to investigate the relationship
between preseasonal climatological factors and yleld.

The method of procedure was as follows:

l. Regression equations involving precipitation
" and yield were fitted to available data.
2, Deviations of the observed yields from the
regression lines were obtalned.
3. The appropriate deviations were compared with
various preseasonal climatological factors by means of

simple correlation analysis in order to present the re-

lationship between the factors and the residual variation.

Preseasonal factors of relative humidity, temperature,
sunshine, ¢loud cover, wind movement, and snowfall were used.
Data for all factors, except snowfall, were for the seventy-
eight day period of August 2 through October 17. It was felt
that these factors would exert the greatest influence during
the period considered. These factors were compared with the
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deviations from regression involving total erop year pre=-
cipitation and yleld.
The snowfall data used were the totals for each year
accumulated over the entire preseasonal period. These data
were correlated with the deviations from regression involving

seasonal precipitation and yleld.
Be CONCLUSIONS

The yield-weather relationship under study ia a diffi-
cult one to isolate. Deviations from regression used in the
analysis reflect the influence of a2 multitude of rucﬁorl
which affect yield. The fact that a significant relationship
was obtained for some of the preseasonal factors and the de~
viations indicates that their indirect influence on yleld is
of some importance.

Th; indication is that the relationship between yield
and the preseascnal climatological factors results because
these factors tend to hasten or retard evaporation and trans-
piration in the preseasonal period. This, along with runoff
and deep percolation, causes the "effective" preseasonal :
precipitation to differ from the actual preseasonal pre-
cipitation received. In other words, the difference between
the "effective” and actuasl preseasonal precipitation is in

part a function of the c¢limatological factors and their
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influence 18’ of sufficient magnitude that yield ies afrected.
vatioTheslowness of:all the snowfall coefficients suggests
that smowfall-adds.little or, at best, only randomly to yleld.
This 48 probably true because snow often drifts aeross opén
fields and ecollects in diteches and apound other wind bréaking
obstacless -AlSoy-in the! Spring, mush of ‘the snow melts and
runs off while the ground is still frogens =~ ». s/ in
G PARM MANAGEMENT IMPLICATIONS

The results of the study indicate that higher yields
would result if evapotrangpiration in the preseasonal period
could be reduced. 4

It is logical to assume that }:hi- would apply equally

well to runoff lossese. :

Cultural practices followed during the preseasonal per=- :
iod, whioh are designed to cut down on these moisture losses,

would be of benefit to the farmer.
D, SUGGESTIONS FOR FUTURE RESEARCH

In order to be in a position to better aid South Dakota
farmers in making farm management decisions, it will be
necessary to have information of yield, soil-type, weather
relationships. Data of this type are, at present, extremely
limited. s

Sufficient data c¢ould be obtained in a fairly short time
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if funds were avallable for making a random semple of obser-
vations over the statee

Results of a study such as this would provide informae
tion concerning ylelds obtainable from any given amount of
precipitation for each soil type or group of similar soil
types. This, together with 1nrornition on probable occure
“ence of precipitation, would help reduce the risk in
agriculture,



APPENDIX
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Teble XXI

Preseasonal preeipitation in inches recorded at Clark,
Redfield gﬁllor, and Forestburg for the years 1926
L ]

through 19

Preseasonal Precipitation

Year
Clark Redfield Miller Forestiurg

2 . . 2 .
95 o S - 5278 8.5
2 - e - 5.1 3. g 8.33

2 Te442 57 De2 .
3 Ge 8.&3 6.25 10.45
31 9.1 10.3 Teltd .97
32 Z."z 6+28 5e22 Tl
3 .g he72 533 Sel
g. 3 2,83 27 3,03
2 «11 6.02 o1 5430
3 3413 2y . 2426 3453
3 501 ,-‘098 = !.I»o 7-68
39 <.% ﬁ.g_{ g.gg gg
(O R T B
L2 10.21 o 11 10487
h 6Q 2 037 - o)%

| Z' 3,87 '6Z W, §
n ol 5ds2 Te2 5.62
L6 TeT7 <10 59k 8y
hg 117 65 10.%7 12,32
L ———— 5.93 7«89 10,80
49 .86 3 2.32 6.01
50 — 5432 7«85 6.80
51 8. 5490 Zohl 10.31
% i - S o { ?‘E

5£ 2. «38 Selo Te

Source: U, S, Weather Bureau Stations at Redfield, Miller,
Forestburg, and Clark, South:-Dakota.
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Table XXII

Seasonal precipitation in inches recorded at Clark
Redfield, Miller, and Porestburg for the years 192&
through 195ho

Seasonal Precipitation

Year
Clark Redfileld Miller Forestburg
1926 5¢73 lie12 2.28 . b3
2 90& 1&011 Ce 0 12.92
2 Le li 458 %.89 o228
29 5.07 %.32 «09 .8
30 10.85 o5l 9elt3 TeX
31 g. g.og 5¢53 Qe
32 . ol Ge3 Tel
3 EQB EQZ’I 7015 506
. 22 3e43 550
3 13,11 76 8.10 9.96
36 018 QZ 3.86 5.01
3 8l 23 2 Be02 TeT3
3 10,0 9410 9491 13,93
9 8472 9.72 12,52 O
0 6e17 . S0 Te73
L1 9442 10,12 11.10 11,07
k2 11.94 2.97 1«97 012
ﬁﬁ 9425 037 12.10 23
11,23 9497 11.92 1751
Ls 10.99 10,01 9,01 10,30
46 8.62 1095 10.9 6.61
kg 7420 Tel43 10.5 12,35
Iy 10,02 .28 7.4 12,57
hg o e ° 39 7.29 6 - 19
50 7e45 5.8 10.82 7473
51 725 2.53 10.71 13.25
52 1&.%2 <07 Le73 6
5 21 12,62 12,05 11.59
7.2 6,85 8.28 8.89

Source: U, S, Weather Bureau Stations at Redfield, Miller,
Forestburg, and Clark, South, Dakota,.



U

Table XXIII

Preseasonal temperature data recorded at Clark, Redfield,
Miller, and Forestburg for the years 1926~1954, Data

is expressed as daily averages for the seventy-eight day
period, August 2 through October 17.

Preseasonal Temperature (Degrees F.)

Yeoar
Clark Redfield Miller Forestburg
1926 62, 6540 6L .0 6.0
92 60 637 61.9 63.8
2 60.7 62.% 61.9 62.2
29 62 63. 63.1 63.
30 61, 3 6 % 62.6
31 gg 6 .; " 66.8
32 .a 67+ 67.0 68.9
3 61 6.2 62, 613.9
6%.2 65.6 65. 66,0
3 6 ol.. 6 o6 ot 6502
1 g&.o .g . gz.g 25'§
38 645 6749 65-5 62-5
9 674 Zo.s 677 62.9
0 63. 645 6&.2 66.5
ha olt 6648 - 65, 66,
L2 63, bbe «9 66.
L 6l 2& 6249 2&.0
61.9 . 64.5 =
i 61e3 633 62.8 62,2
N 60e 63 .0 62.8
hg 60, 604 60.9 60,2
L 6640 694 68.7 68,45
50 crw- 63, 63. 63.Z
51 60.6 619 61,2 61,
- T S B
513 6!;.2 62.2 . 68.1; 68.7

Source: U, S, Weather Bureau Stations at Redfield, Miller,
Forestburg, and Clark, South Dakota.
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