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Using Climatic Water Balance
to Determine Irrigation

Needs in South Dakota

By Ray F. PENGRA!

Estimates of average soil mois-
ture and the amount of irrigation
water required to maintain a defi-
nite soil moisture level are of par-
ticular value for planning irriga-
tion projects for large areas or for
individual farms.

The purpose of this study was to
develop information that would be
of value to technicians in planning
irrigation for the different areas of
South Dakota. The method can al-
so be used to develop irrigation
needs for individual farms.

The use of historical data was
necessary to determine needs dur-
ing past years as an estimate of
probable future needs. The study
points out the portion of the grow-
ing season during which irrigation
was needed, the frequency of irri-
gation, and the total amount of irri-
gation water that would have been
needed to maintain soil moisture
above the drought point during
previous years. Weather data were
used from 1930 to 1946 in order to
include years both below as well as
some above normal or average pre-
cipitation. This information for the
drought years of the 1930’s would
be an indication of the maximum
amount of water needed during dry

3

years. The use of both dry and wet
years indicates the extremes in the
amount of irrigation water needed
during different years.

The stations of Brookings, Red-
field, and Newell were selected to
represent the eastern, central, and
western portions of the state. Loca-
tion of the stations is shown in Fig-
ure 1.

Figure 1. Location of stations used in this study.

Precipitation data have been
available from the U. S. Weather
Bureau for many years. These data
have been of considerable value as
indicators of soil moisture content
and growing conditions. However,
a part of this moisture is lost
through runoff, some evaporates,
and some is lost as a result of tran-

‘Mr. Pengra is Professor Emeritus, Eco-
nomics Department, South Dakota State
College.
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spiration through vegetation. As a
result precipitation alone does not
provide satisfactory data for deter-
mining the soil moisture available
for vegetation growth or the
amount of irrigation water needed.

Temperature is an important fac-
tor aHecting evaporation and tran-
spiration. A method has been de-
veloped by Thornthwaite which
uses temperature to estimate the
loss of soil moisture at any location.

Thornthwaite’s method of esti-
mating soil moisture is based on
what he calls potential evapotran-
spiration (PE). This factor is his
estimate of the amount of evapora-
tion and transpiration through
vegetation that would occur at a
particular location when the soil
moisture is at full capacity. This
figure is adjusted on the basis of the
long-time mean temperature at a
location. Adjustment is made dur-
ing the season based on the longi-
tude as a measure of the length of
day. The longer daylight hours
during June would result in great-
er daily loss of moisture than dur-
ing the other months of the season.
Appendix Table 1 presents the
daily potential evapotranspiration
figures as developed for Scuth Da-
kota.

In estimating the daily loss of
moisture by the Thornthwaite
method, the actual evapotranspira-
tion is considered to be proportion-
al to the percentage of full capacity
of the soil moisture remaining from
the previous day. That is, if the soil
moisture remaining 1 day was at
half of full capacity, the actual
evapotranspiration for the follow-

ing day would be at only half or
50% of the potential.

The daily change in soil mois-
ture when no moisture is recieved
is secured by dividing the soil mois-
ture remaining from the previous
day by the soil capacity. This
would give the percentage of capa-
city. This percentage is then multi-
plied by the potential evapotran-
spiration to secure the soil moisture
change from the previous day. The
result is then subtracted from the
soil moisture remaining the pre-
vious day to secure the day’s soil
moisture. The difference between
the potential evapotranspiration
(PE) and soil moisture change is
called the moisture deficit. When
new moisture is received in excess
of the PE figure for any day, the
excess of the new moisture is added
to the amount of soil moisture re-
maining the previous day. If the
total exceeds the soil capacity, that
day’s soil moisture is considered to
be at capacity and the excess is sur-

plus.

ASSUMPTIONS USED IN THIS STUDY

As soil moisture and irrigation
water needs were estimated by us-
ing only precipitation and tem-
perature data, certain assumptions
were necessary.

First, it is well known that the
rate of growth of crops is reduced
when soil moisture falls below a
certain level. When the rate of
growth of crops is seriously limited
due to a lack of moisture, a drought
may be said to exist. To simplify
the procedure used in this study, a
drought was defined as any period
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during which the soil moisture in
the crop root zone was less than
50% of soil moisture capacity.

Second, soil moisture capacity
was arbitrarily assumed to be 4.00
inches and drought was assumed
to exist when soil moisture fell to,
or below, 2.00 inches.

Third, it was assumed that soil
moisture does not change from Oc-
tober 31 to March 1 of the follow-
ing year. This is a reasonable as-
sumption because the soil in South
Dakota is generally frozen during
this period. In Iowa there was a
loss of 0.2 inches of moisture from
the soil between November 15,
1954, and April 15, 1955, on corn
ground despite the fact that 5.3
inches of moisture was received
during this period.?

This assumption made it possible
to reduce the time required for an-
alysis by 33% since no analysis was
necessary from October 31 to
March 1. The soil moisture carried
over from the previous year and ac-
cumulated between March 1 and
the start of the crop season on
April 5 (or May 10 for corn) forms
the starting point for the analysis
of each crop season.

Fourth, the Thornthwaite form-
ula as used with the IBM equip-
ment corrects itself during a period
of excessive moisture or drought.
There is usually one or more such
periods each year. Correction in
daily soil moisture content would
be made when a period of exces-
sive moisture or drought occurred.

Fifth, to determine the number
of irrigations and the amount of
water that would have been neces-
sary to prevent a drought, a hypo-

thetical irrigation was introduced
to bring the soil moisture up to full
capacity each March 30. Subse-
quent hypothetical irrigations to
bring soil moisture up to full ca-
pacity were made every time the
soil moisture fell to the drought
level during the crop season. Thus
except for the March 30 irrigation,
the irrigations were all 2.00 inches.

Procedure

To determine the amount of ir-
rigation water needed and the fre-
quency of irrigation it was neces-
sary to first determine the avail-
able soil moisture. In this study
daily soil moisture was estimated
at three weather stations using an
adaptation of the method develop-
ed by Thornthwaite.® This method
uses temperature to estimate poten-
tial evapotranspiration or PE. The
PE then is used to determine the
daily loss of soil moisture, the soil
moisture available for plant growth,
and the amount of irrigation water
needed to avoid drought conditions.

International Business Machines
(IBM) were used to make the daily
soil moisture calculations. While
the 650 and other large machines
can be used, the calculation of soil

*R. H. Shaw and J. R. Runkles, “Soil Mois-

ture and Water Utilization in Iowa,”
Agronomy Journal, Vol. 48, p. 313-318,
1956.

*C. W. Thornthwaite and J. R. Mather,
“The Water Balance,” Publications in
Climatology, Vol. 8, No. 2, 1955. The
adaptation is that of W. C. Palmer and
A. V. Havens “A Graphical Technigque
for Determining EvapotransPiration by
the Thornthwaite Method,” Monthly
Weather Review, Vol. 86, No. 4, April
1958.
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moisture reported here was made
by the smaller, less costly 602A.*

To illustrate the calculations of
daily soil moisture, data for 1
month at Redfield, South Dakota,
are presented in Appendix Table 2.
Column 1 lists the days of the
month. Column 2 is the precipita-
tion received. Column 3 is the
mean daily temperature. Column
4 is the potential evapotranspira-
tion (PE) developed graphically by
the Thornthwaite method. The PE
figure (see Appendix Table 1) based
on daily mean temperatures report-
ed at the station, adjusted for
length of day during the season.
Column 5 is the difference between
PE and new moisture with a minus
sign for all days during which PE
exceeded new moisture. Column 6
is the daily estimate of soil moisture
storage. Note that soil moisture
never exceeds 4.00 inches, since
this is the assumed capacity of the
soil.

The method of calculating the
daily soil moisture depends upon
whether precipitation minus po-
tential evapotranspiration (P-PE) is
positive or negative. When P-PE is
positive it is added to the soil mois-
ture of the previous day. For ex-
ample, on June 18 there was a net
gain of moisture of 1.03 inches. This
amount was added to the 242
inches of the previous day and
gives a total of 3.45 inches. On the
next day, June 19, there was a net
gain of .69 inches of moisture.
When this is added to the moisture
of the previous day the total is 4.14
inches. Of this amount 4.00 inches
is recorded in column 6 and .14

inches in column 9 as moisture sur-

plus.

To calculate the soil moisture in
column 6 when P-PE is negative,
the first step is to find the percent
that the previous day’s soil mois-
ture was of soil capacity. This per-
centage is then multiplied by P-PE
and the result subtracted from the
previous day’s soil moisture. This
is necessary because as the soil be-
comes drier the actual water loss
becomes less than is indicated by
P-PE in column 5. For instance, if
the previous day’s soil moisture was
only half of the capacity figure,
then the decrease would be only
half or 50% of the potential evapo-
transpiration (P-PE) shown in col-
umn 5. Thus, on June 10, P-PE was
-23 and the previous day’s mois-
ture was 2.00 inches or 50% of ca-
pacity. Hence, with no irrigation
there is a storage change of only
-.12 inch in column 7. With 2.00
inches of irrigation the previous
day’s moisture becomes 4.00 and
the actual evapotranspiration is
1007 of the potential evapotranspir-
ation of column 5 or -.23 inches (see
column 11). The moisture deficien-
cy (column 8) is the difference be-
tween P-PE (column 5) and storage
change (column 7). This is the de-
crease in evapotranspiration due to
less than full field capacity of 4.00
inches of soil moisture.

‘For a detailed explanation of how this
was done see “Determination of the Cli-
matic Water Balance by Machine Meth-
ods,” by Ray F. Pengra and Howard H.
Engelbrecht, Publications in Climatol-
ogy, Vol. XIV, No. 3, C. W. Thorn-
thwaite Associates, Centerton, New Jer-
sey, 1961.
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The method illustrated in Appen-
dix Table 2 was used to calculate
the daily soil moisture of each
crop season for the 17 years, 1930-
46. The same method permitted the
calculation of the time of irrigation
and the amount of irrigation water
needed.

The irrigations such as that shown
following June 9 in Appendix Table
2 were purely hypothetical. Yet they
served the purpose of indicating the
number of irrigations and the
amount of water that would have
been necessary to prevent the soil
moisture from falling below the
drought level.

The manner in which the “irriga-
tions” were introduced into the data
was as follows: IBM Calculating
Punch 602A was used in making
the calculations of daily soil mois-
ture shown in Appendix Table 2,
columns 1-9. As this daily soil mois-
ture was punched on the card it al-
so appeared on the storage drum of
the 602A. By watching the storage
drum it was possible to tell when
the soil moisture reached the level
defined as drought ccnditions. At
that point the machine was stopped
and an “irrigation card” was insert-
ed into the deck of cards being run.
This card had punched into it the
amount of moisture needed to bring
soil meisture up to full capacity. In
the case of Appendix Table 2 this
was 2.00 inches of soil moisture.

The effect of this hypothetical ir-
rigation on the subsequent soil

moisture is shown in columns 10, 11,
12, and 13 of Appendix Table 2.
Until June 10, these figures are
the same as those in columns 6, 7,
8, and 9. Without irrigation, crops
suffered 5 days of drought from
June 10-14. But a series of rains in-
creased soil moisture to full capacity
and as a result from June 20 to the
end of the month there are again no
differences in the two sets of figures
since no further irrigations were
needed to avoid drought conditions
of 2.00 inches or less of snil mois-
ture.

ANNUAL IRRIGATION NEEDS
1930-46

Calculations like those illustrated
by Appendix Table 2 were made for
each day of the growing season for
the 17 years, 1930-46. From such
calculations the moisture deficien-
cy and the moisture surplus for each
crop season have been secured for
both “without irrigation” and “with
irrigation” conditions. Also calcu-
lated were the number of drought
days and the total amount of irri-
gation water needed to prevent
drought conditions. These data are
presented in Appendix Tables 3-11.
Calculaticns were made for three
crop seasons as follows:
(1) Full growing season, April 5
to October 31.

(2) Corn season, May 10 to Sep-
tember 5.

(3) Small grain season, April 5
to July 18.
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DROUGHT CONDITIONS

and frequent “irrigations” would
AND IRRIGATIONS

have been necessary to prevent the

soil moisture from falling below 50%
of soil capacity. The number of irri-

Severe drought conditions existed

in South Dakota in 1934 and 1936,

Selected Years

gations varies with the amount of
precipitation. To maintain soil mois-
8
REDFIELD, SOUTH DAKOTA, 1936
IRRIGATION REQUIRED AND SURPLUS RESULTING
7+ FROM MAINTAINING SOIL MOISTURE AT 2 INCHES
IRRIGATION
sk eeseeees PRECIP.
------ AVE. DAILY SOIL MOIST.
5 N
4 -'v-\ 3 \'l‘
Vo b AR RN R
—\ <y [y \ \ '\
3t \ VIV L LSS
\ (ARIRIAY \ \ .
\ MO YN \ \ ™,
\ LR R \J \ \ \\
21 (Inches)
8.80 = TOTAL PRECIP.
17.06 = TOTAL IRRIGATION
i .05 = TOTAL SURPLUS
o re 4 3 3 3 2 L 1
MAR. APR.I MAY 6 JUN.IO JUL.IS AUG.I9 SEP23 OCT.28
Figure 2-A (above), 2-B (below).
T REDFIELD, SOUTH DAKOTA, 1934
IRRIGATION REQUIRED AND SURPLUS RESULTING
71 FROM MAINTAINING SOIL MOISTURE AT 2 INCHES
—— IRRIGATION
6 eesesees PRECIP.
------ AVE. DAILY SOIL MOIST.
5 §
at i i
\ vOA
A AN \ <
3 ‘\\ \ o \ \ SN
\ \ o
hY \ “\ \ . (Inches)
ok i s 9.97-TOTAL PRECIP
16.69-TOTAL IRRIGATION
1.24=TOTAL SURPLUS
] 3
Mar.l  Aprl May6  Junl0  Jul.IS  Augl9

Sep.23 Oct.28
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ture at 2.00 inches, six irrigations
would have been required in 1934.
This is shown in Figure 2, which
also illustrates the following three
points:

1) Six irrigations were needed
in 1936 in order to maintain soil
moisture at or above 2 inches.

2) During relatively “wet” years,
such as 1942 and 1946, the number

REDFIELD, SOUTH DAKOTA, 1942
gl IRRIGATION REQUIRED AND SURPLUS

of irrigations and the amounut of ir-
rigation water needed tn avoid
drought was greatly reduced.

3) In some cases, precipitation
was received within the week that
irrigation had been made. When
this occurred, the precipitation line
in each case extends above the soil
capacity line, indicating a surplus
of moisture.

RESULTING FROM MAINTAINING
SOIL MOISTURE AT 2 INCHES ——— IRRIGATION
= e PRECIP
S D AVE. DAILY SOIL MOIST.
6
S :
al- - e W&
. o \\ : ‘\\e\\ A |‘ e
N \ \ o BT R (Inches)
= N\ N\ RN \ A \
- el R I .. 20.30= TOTAL PRECIP
= (el 4.00= TOTAL IRRIGATION
2+ k 4.74= TOTAL SURPLUS
C 1 1 1 1 1 1 L 1
MAR| APR.I MAY6 JUN.I0O JUL.IS AUG.I9 SEP23 OCT.28

Figure 2-C (above), 2-D (below).

8 REDFIELD, SOUTH DAKOTA, 1946
-1 IRRIGATION REQUIRED AND SURPLUS RESULTING
FROM MAINTAINING SOIL MOISTURE AT 2 INCHES
C . . ——IRRIGATION
! { eeeeesss PRECIP.
s+ i : AVE. DALY
: ; : SOL MOIST.
4 N 3 b
'.-\r \\ Nian \ \ r .o oo
3l \ S T X \\ ) $ (Inches)
: NG L NS 22.78=TOTAL PRECIP
: S \ 6.69=TOTAL IRRIGATION
- o 5.33=TOTAL SURPLUS
MAR.| APRI MAY6  JUN.IO JULIS AUG.I9 SEP.23 OCT.28



10 South Dakota Expzriment Station Bullztin 496

SURPLUS AND GRAVITY WATER

As noted above, in this study soil
capuacity within the root zone was
assumed to be 4.00 inches. The ex-
cess, if any, above the 4.00 inches
has been called “surplus.” This sur-
plus is not all lost immediately.
Some of it runs off and the balance
goes into the subsoil. It has been
estimated that only 107 of gravity
water will be lost during 1 day,
while 90% will remain in the soil as
gravity water storage. In regions
where there is an aquifer layer
in the soil, part of the surplus may
replenish it.

As shown in the Appendix
Tables, a “soil water balance” con-
sists of soil moisture plus the grav-
ity water storage for each day. Since
the soil moisture storage would be
at full capacity any day there was a
surplus, a 1.00 inch surplus would
give a soil water balance of 4 inches
of capacity plus 90% of the 1.00 inch
surplus, or 4.90 inches. In case the
P-PE figure for the following day
was —.15, the soil moisture storage
would be 4.00, —.15, or 3.5 inches.
Available gravity water from the
previous day would be .90 inches, of
which 80% would remain during the
following day. This would be .81
inch. The soil water balance for that
day would therefore be 3.85 plus
81 gravity storage water, or 4.66
inches.

Appendix Table 12 shows how
the seil moisture and so:il water bal-
ance were computed by IBM ma-
chines. Appendix Table 12 is a copy
of the tabulation sheet. On March
12, soil moisture storage was 3.0
inches (column 5). On the 13th

the P-PE figure was .07 and the
soil moisture and soil water balance
were each 3.97. March 14 P-PE was
—+.30. This amount, when added
to 3.97 inches from the previous
day, totals 4.27. Of this amount,
4.00 inches or soil capacity is put in
column 5. with .27 inch in column
8 as surplus. Since there was no
carry-over of gravity water storage,
the .27 inch was the available grav-
ity water for that day (column 9).
Water that remained longer than 1
day was .24 inch (€0% of the .27
inch) and is listed as gravity water
storage in column 10. Soil moisture
of 4.00 inches plus .24 gives us 4.24
inches as soil water balance in col-
umn 10. The gravity storage each
day is added to any new surplus
available to get available gravity
water.

When gravity water storage is re-
duced to .05 inches, it is dropped
from the calculations, since 90% of
.05 is too small to show a change
and as a result the .05 inches would
be carried indefinitely in the ma-
chine calculations. Because this is
too small to be significant, the ma-
chine is set so that it is dropped
whenever it appears. This is what
happened, for example, in Appen-
dix Table 12, when on April 25 the
.05 was not carried over to April
26.

In Appendix Tables 2-11, it is
assumed that irrigation started
when soil moisture reached 2.00
inches. For some crops, such as pas-
ture and forage crops, a higher level
of soil moisture can be maintained
than for annual grain crops; so com-
putations also were made of irriga.
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tion needed to maintain soil mois-
ture at or above 2.50 inches. In Ap-
pendix Table 13, a comparison is
made of the results of irrigation

needed to maintain soil moisture at
both levels, 200 inches and 2.50
inches, at the Redfield Station, for
the period from 1930 through 1946.

Appendix Table 1. Daily Mean Temperatures and PE Figures (South Dakota)

PE Figures
Temp.Mar. Apr. May June July Aug. Sept. Oct.

3200 00

3500 00 00
34 00 01 01 00
35 01 01 01 01
36 01 02 02 01 01 01

3700 02 02 0or o1 ol
38 02 02 02 02 02 02 02 02
39 02 02 02 02 02 02 02 02
1002 02 03 03 03 03 02 02
4103 03 03 03 03 03 02 02

4203 03 03 03 03 03 03 02
43 03 04 03 04 03 03 03 03
04 04 04 04 04 04 03 03
5 04 0+ 04 04 04 04 03 04
46 04 04 05 05 05 0% 04 04

47 05 05 05 05 05 05 04 04
48 05 05 06 06 06 05 05 04
59 05 66 06 06 06 06 05 05
50 06 06 06 06 06 06 05 05
51 06 06 07 07 07 07 06 05

5206 07 07 07 07 07 06 06
53 06 07 08 08 03 08 07 06
54 07 08 08 09 09 08 07 06
55 07 08 09 09 09 09 07 07
56 08 09 09 10 09 09 08 07

57 08 09 10 10 10 09 08 07
58 08 09 10 11 10 10 09 08
59 09 10 11 11 11 10 09 08
60 09 10 11 12 12 11 10 09
6N L0} I 12 12 12 11 10 09

62 10 11 12 13 13 12 10 09
63 10 12 13 13 13 12 11 10
64 11 12 13 14 14 13 11 10
65 11 13 14 14 14 13 12 10
66 12 13 14 15 15 13 12 11

PE Figures

Temp.Mar. Apr. May June Juiy Aug. Sept. Oct.

G/ IVZEES B S T SE R 2t |
630 I2) 1E 15 WG] | 16] il NiBa 12
69 13 14 16 16 16 15 13 12
70 13 15 16 17 17 15 14 12
71 14 15 17 18 17 16 1+ 13

72 14 16 17 18 18 16 15 13
73 15 16 18 19 18 17 15 14
74 15 17 19 19 19 18 16 14
75 16 18 19 20 20 18 16 14
7616 18 20 20 20 19 17 15

77 16 19 20 21 21 19 17 15
78 17 19 21 22 21 20 18 16
79 17 20 21 22 22 20 18 16
80 18 20 22 23 23 21 19 16

81 22 23 23 21 19 17
82 23 24 24 22 20 17
83 24 24 24 23 20 18
84 24 25 25 24 21 19
85 25 25 26 24 21 20
86 5 26 27 25 22
87 26 27 27 25 22
88 27 28 28 26 23
89 28 29 28 26 23
90 29 29 29 26 24

91 30 29 27 25
92 30030 27 26
93 Bl Bol 28 27
03 31 31 28 28
* 32 32 29

96 33 33

97 3

98 34

99 35

100 36

101 36

102 37
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Appendix Table 2. How Precipitation and Temperature Were Used to Estimate Soil Moisture
and Irrigation Water Needs at Redfield, South Dakota, June, 1946

Without irrigaticn With irrigation assumed
1 2 3 & ) (6) (7) @ O (10) an a2y 13)
Day M-temp. Daily  Mois- Moisture Mois- Daily soil Mois- Mois-
of degree soil mois- ture  defi- ture  mois- ture ture de- Moisture
month P F° PE P-PE ture  change ciency surplus ture change ficiency surplus
1 .00 46 .05 -.05 2.73* .04 .01 .00 273 —04 .01 .00
2 .00 51 .07 -.07 2.68 -.05 .02 .00 2.68 -.05 .02 .00
3 .00 55 .09 -.09 2.62 -.06 .03 .00 2.62 -.06 .03 .00
4 .00 68 .16 -.16 2.52 -.10 .06 .00 2.52 -10 .06 .00
5 .00 72 18 -.18 241 —-.11 .07 .00 241 =11 .07 .00
6 .00 80 .23 -.23 227 -.14 .09 .00 227 -.14 .09 .00
7 .00 73 .19 -19 2.16 -.11 .08 .00 2.16 -.11 .08 .00
& .00 63 13 -.13 2.09 -.07 .06 .00 2.09 -.07 .06 .00
9 .00 72 .18 —-18 2.000  -.09 .09 .00 2.00+  -.09 .09 .00
Irrigation} 2.00% 4.005  2.00 .00 .00
10 .00 81 .23 -.23 1.88 ~.12 .11 .00 3.77 -.23 .00 .00
11 .00 71 18 -.18 1.80 -.08 .10 .00 3.60 =17 .01 .00
12 .26 67 15 11 1.91 81 .00 .00 3.71 11 .00 .00
13 .00 68 .16 -.16 1.83 -.08 .08 .00 3.56 -.15 .01 .00
14 .00 75 .20 -.20 1.74 -.09 11 .00 3.38 -.18 .02 .00
15 72 77 21 .51 2.25 Sl .00 .00 3.89 .51 .00 .00
16 .00 73 .19 -.19 2.14 -.11 .08 .00 3.70 -.19 .00 .00
17 .46 71 .18 .28 2.42 .28 .00 .00 3.98 .28 .00 .00
18 1.13 56 .10 1.03 345 1.03 .00 .00 4.00 .02 .00 1.01
19 .76 51 .07 .69 4.00 .55 .00 .14 4.00 .00 .00 .69
20 20 56 .10 .10 4.00 .00 .00 .10 4.00 .00 .00 .10
21 .00 66 .15 -15 3.85 -.15 .00 .00 3.85 -.15 .00 .00
22 .00 75 .20 =20 3.66 -19 .01 .00 3.66 -.19 .01 .00
23 .00 84 25 -.25 3.43 -.23 .02 .00 3.43 -23 .02 .00
24 17 79 .22 -.05 3.39 -.04 .01 .00 3.39 -.04 .01 .00
25 .07 69 .16 -.09 3.31 -.08 .01 .00 3.31 -.08 .01 .00
26 .06 74 .19 -.13 3.20 -11 .02 .00 3.20 -1 .02 .00
27 .16 77 21 -.05 3.16 -.04 .01 .00 3.16 -.04 .01 .00
28 .50 72 .18 .32 3.48 32 .00 .00 3.48 .32 .00 .00
29 .00 75 .20 -.20 3.31 -.17 .03 .00 383]] -17 .03 .00
30 .78 70 17 .61 3.92 .61 .00 .00 3.92 .61 .00 .00

*Soil moisture on March 31 was 2.78 inches

1Soil moisture capacity is assumed to be 4.00 and a drought is assumed to exist when soil moisture falls to
509% of capacity or 2.00 inches.

1A hypothetical irrigation of 2.00 inches was introduced at this point as explained in the text.



Appendix Table 3. Brookings, South Dakota Data for Full Growing Season April 5 to October 31. Soil Capacity 4 Inches
Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 inches

Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average

Av. 1932-36
Av. 1942-46
Highest
Lowest

Precip.

11.96
12.20
15.36
10.46
16.34

13.55
13.42
11.92
11.17
15.04

14.34
17.43
21.53
22.96
24.73
17.42
24.09

16.11
13.83
22.15
24.09
10.46

PE

25.72
27.93
2552
27.40
27.87

24.47
28.26
26.23
27.20
27.71

25.96
26.86
23.28
23%1/;
24.21
21.72
23.60

25.75
26.70
2331
27.93
21.72

Without irrigation

Soil  No. of
moisture drought
4/5 days
3.65 87
2.90 149
2:55 73
3.09 121
1.79 131
4.00 104
1.82 140
357 138
1.97 143
51 173
3.78 90
1.93 118
3.79 49
2.64 26
4.00 33
2.32 57
3.49 48
2.81 98
2.65 114
3.25 43
4.00 173
51 26

Deficit

13.04
14.72

9.98
1531
12.77

10.05
14.99
13.90
14.56
13.59

9.50
13.63
6.30
5.80
5.36
6.84
6.81

11.01
12.62
6.22
15.31
5.36

Surplus

25
.00
.00
.00
.00

2.17
.85
1.84
.00
.00

.16
2.14
6.25
3.63
7.74
3.08
6.97

2.06
.60
5.53
7.74
.00

Soil
moisture

10/31

2.68
1.89
237,
1.46
3.03

.96
13112
1.32

.50
1.43

W= N BN W —
XTI — SO
N LSOO

2.12
1.79
224
4.00

.50

Soil
moisture

4/5

3.65
3199
4.00
3.86
3.94

4.00
4.00
4.00
4.00
3.82

3.78
4.00
379
3.59
4.00
3'95
4.00

3.91
3.96
3.87
4.00

3.59

Irrig.

3/30

0
1.25
2.03

78
225

0
2.36
.89
2.03
3.47

0
2.24
0
1.15
0
1.71
.72

1.23
1.48
.72
3.47
0

Irrig.
4/5
10/31

12.00
12.00

8.00
12.00
10.00

8.00
10.00
12.00
10.00
10.00

10.00
10.00
4.00
6.00
2.00
4.00
6.00

8.59
9.60
4.40
12.00
2.00

With irrigation

Total
irrig.
12.00
13.25
10.03
12.78
12.25

8.00
12.36
12.89
12.03
13.47

10.00
12.24
4.00
7.15
2.00
5.71
6.72

9.82
11.09
5.11
13.47
2.00

Irrig.
and

precip.

23.96
25.45
25:39)
23.24
28.59

21.55
25.78
24.81
23.20
28.51

24.34
29.67
2553
30.11
26.73
23.13
30.81

25.93
24.91
27.26
30.81
21.55

Deficit Surplus

4.98
5.50
4.72
5.78
5.04

4.34

3.65
2.71
3.92
1.45
4.19

2.86
2.20
3.20
1.31
3.18

4.22
5.72
6.82
8.74
8.12
4.25
10.26

4.52
2.92
7.65
10.26
1.31

Soil
moisture

10/31

3.22
3.05
2.64
3.25
3.26
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Appendix Table 4. Brookings, South Dakota Data for Small Grain Period April 5 to July 18. Soil Capacity 4 Inches
Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 Inches

Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average

Av. 1932-36
Av. 1942-46
Highest
Lowest

Precip.

5.23
5.78
7.38
3.94
9.78

7.94
7.98
6.90
A 72
8.7+

7.55
10.65
14.71
10.48
14.91
10.82
11.19

8.92
7.40
12.42
14.91
3.94

PE

12.96
14.11
13.53
14.68
15.50

11.59
14.68
12.86
13.09
14.44

12.20
13.32
12.19
12.14
12.79

9.87
12.51

13.08
13.99
11.90
15.50

9.87

Without irrigation

Soil  No. of
moisture drought
4/5 days
3.65 32
2.90 54
2.55 39
3.09 47
1.79 67
4.00 13
1.82 47
3.57 33,
1.97 39
.S1 77
3.78 8
1.93 40
3.79 3
2.64 8
4.00 14
2.32 1
349 7
2.81 81
2.65 42
BR2%5 7
4.00 67
55il 1

Soil

moisturc moisture

Soil

Deficit Surplus 7/18 | 4/5

+4.96
6.40
4.85
8.0%
6.53

29l
6.24
4.90
5.27
6.37

2.56
1.28
172
2.74
2.11
1.71
2.40

4.35
5.72
2.13
8.08
1.71

.25
.00
.00
.00
.00

2.17
.85
1.84
.00
.00

.16
2.07
6.25

.95
6.13
3.08
1.97

1.51
.60)
3.67
6.25
.00

.63
97
1125
18
2.60

1.09
S1
.67

1.87

1.18

N — RO RO — — =
o= eWn
SScoNIxeNw

—
NN
o

1.18
2.23
2.77

43

3.65
3.99
4.00
3.86
3.94

+.00
4.00
4.00
4.00
3.82

3.78
4.00
3.79
3.59
4.00
3.93
4.00

3.90
3.96
3.87
4.00
3.59

Irrig.
3/30

0
1.25
2.03

.78
2.25

(;
2.36
.89
2.03
3.47

0
2.24
0
1.15
0
1.71
.72

123
1.48
71
3.47
.00

With irrigation

Irrig.
4/5
7/18

4.00
4.00
+.00
6.00
6.00

2.00
6.00
6.00
4.00
4.00

4.00
4.00
2.00
2.00
2.00
2.00
2.00

3.76
4.80
2.00
6.00
2.00

Total
irrig.
4.00
6.25
6.03
6.78
8.25

2.00
8.36
6.89
6.03
7.47

4.00
6.24
2.00
3.15
2.00
347
2.72

5.05
6.28
2.71
8.36
2.00

Irrig.
and

precip.

9.23
12.03
1341
10.72
18.03

9.94
16.34
13.79
13.75
16.21

11.55
16.89
16.71
13.63
16.91
14.53
13.91

13.97
13.69
15.14
18.03

9:23

Deficit

2.58
2.83
2.36
3.33
2.49

Surplus

.27
-39,
1.07
17
3.43

2.17
2.09
2.97
1.21
1.87

1.97
4.24
6.25
2.19
6.18
4.20
3.68

2.61
1.78
4.51
6.25

17

Soil
moisture

7/18

2.23
2.10
3.14
2.28
3.28

2.16
3.73
3.42
3.63
2.72

3.03
3.50
3.62
3.82
3.30
3.80
2.60

3.08
2.92
3.43
3.82
2.10

rr
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Appendix Table 5. Brookings, South Dakota Data for Corn Season May 10 to Sept. 5. Soil Moisture Capacity 4 Inches
Comparison of Soil Moisture Content Without and W ith Irrigation to Keep Soil Moisture Above 2 Inches

Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average

Av. 1932-36
Av. 1942-46
Highest
Lowest

Precip.

5.65
7.63
10.78
7.63
10.32

9.95
10.04
6.61
7.44
10.81

11.42

5.75
14.91
18.46
19.04
13.09
10.82

10.61
9.74
15.26
19.04
5.75

PE

19.17
20.47
19.70
21.27
20.78

18.59
21.90
20.37
19.51
20.75

19.11
19.90
17.30
18.26
18.83
16.48
17.36

19.40
20.45
17.65
21.90
16.48

Without irrigation

Soil  No. of
moisture drought
5/10  days
3.43 81
2.74 97
2.69 66
3.10 91
1.81 83
3.60 53
2.64 66
3.44 82
2.22 84
1.53 82
3.35 44
3.10 87
3.74 36
1.95 10
3.75 33
3.04 31
2.97 46
2.89 63
2.77 72
3.09 31
3.75 97
1.81 10

Deficit

11.62
11.19

8.12
13.20
10.13

7.35
11.73
11.34
10.21

9.43

7.01
11.40
4.67
3.82
4.43
4.81
6.10

8.63
10.11
4.77
13.20
3.82

Surplus

=23
.00
.00
.00
.00

.00
.85
.00
.00
.00

.16

.00
4.51
3.53
4.98
3.08
1.96

1.14
17
3.61
4.98
.00

Soil Soil
moisture|moisture
9/5 5/10
1.28 3.43
1.09 3.38
1.89 3.64
2.66 3.63
1.48 2.89
2.31 3.60
1.66 3.76
1.02 3.44
.36 3.28
1.02 2.82
251 3.35
.35 3.10
1.51 3.74
2.44 2.57
3.41 3275
1.38 3.59
.56 3.24
1.58 3.37
2.00 3.50
1.86 3.38
341 3.76
235 2.57

Irrig.
3,30

0
1.25
2.03

.78
2.25

0
2.36
.89
2.03
3.47

0
2.24
0
1,15
0
1.71
T2

1.23
1.48
71
3.47
.00

Irrig.
5/10
9/5

10.00
10.00

4.00
10.00
10.00

6.00
8.00
10.00
8.00
8.00

8.00
10.00
4.00
6.00
2.00
4.00
6.00

7.29
7.60
4.40
10.00
2.00

Wi th irrigation

Total
irrig.
10.00
11.25

6.03
10.78
12.25

6.00
10.36
10.89
10.03
11.47

8.00
12.24
4.06
7o 15)
2.00
5.71
6.72

8.52
9.08
5.11
12.25
2.00

Irrig.
and

precip.

15.65
18.88
16.81
18.41
22.57

15.95
20.40
17.50
20.84
22.28

19.42
17.99
18.91
25.61
21.04
18.80
17.54

19.32
18.83
20.38
22.57
15.65

Deficit

4.57
4.34
3.90
4.74
4.00

3.26
4.55
4.17
3.90
4.12

W WRN & W
— Nloc — o W o
NOA—Cwoo

3.73
4.09
2.84
4.74
2.56

Surplus

77
2.11
L24)
1.33
3.52

Soil
moisturc

9/5

3.71
2.77
2.38
3.40
291
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Appendix Table 6. Redfield, South Dakota Data for Full Growing Season, April 5 to October 31. Soil Capacity 4 Inches
Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 Inches

Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average

Av. 1932-36
Av. 1942-46
Highest
Lowest

Precip.

18.48
9.93
14.79
11.22
9.03

13.72

8.26
10.66
14.62
12.92

14.97
18.43
17.27
15.27
17.56
16.81
19.04

14.29
11.40
17.19
19.04

8.26

PE

26.75
29.15
26.88
27.93
28.72

25.59
29.85
28.59
28.57
28.48

27.78
28.39
24.52
25.93
2547
23.07
24.95

27.10
27.79
24.79
29.85
23.07

Without irrigation
No. of
moisture drought

Soil
4/5

3.31
4.00
1.79
3.22
1.42

4.00
1.07
2.80
1.28

.85

Gu = N — L NN
Nola AV IS B -NeoliNe}
AN = O NN

2.50
2.30
2.76
4.00

days

96
136
147
132
194

130
205
131
132
178

Deficit

13.43
17.75
12.02
14.17
20.40

13.24
21.05
15.86
13.91
16.54

12.58
12.48
7.87
11.13
7.96
8.84
7.45

13.33
16.18
8.65
21.05
7.45

Surplus

4.87
.86
.00
.00
.00

4.76
.00
.00
23
.81

1.30
I
2.37
.00
.81
2.80
1.97

1.28
295
1.59
4.87
.00

Soil
moisture

10/31

3.60
1.67
1.72

.68
2.13

.61
58
73
1.00
1.02

1.42
3.66
2.07
2.26
175
1.50
3853

1.76
1.13
201
3.66

E58

Soil
moisture

4/5

3.72
4.00
3.83

Irrig.

3/30

47
.00
2.4
.62
2.69

77
3.06
1.73
2.72
3410

1.04
2.34

.00
2.07
1.46
2.22

.69

1.59
1.86
1.28
3.10

.00

Irrig.
4/5
10/31

10.00
14.00

8.00
12.00
14.00

12.00
14.00
12.00
10.00
12.00

12.00
10.00
4.00
6.00
4.00
6.00
6.00

9.76
12.00
5.20
14.00
4.00

With irrigation

Total
irrig.
10.47
14.00
10.14
12.62
16.69

12.77
17.06
13.73
12.72
15.10

13.04
12.34
4.00
8.07
5.46
8.22
6.69

11.36
13.86
6.49
17.06
4.00

Irrig.
and

precip.

28.95
23.93
24.93
23.84
25.72

26.49
25.32
24.39
27.34
28.02

28.01
30.77
21.27
23.34
23.02
25.03
25.73

25.63
25.26
23.68
30.77
21.27

Deficit

4.71
6.16
5.01
5.51
6.28

5.05
6.61
6.11
582
5.49

o R R | o !
SN O o
w SO NI W

5.27
5.69
4.51
6.61
3.70

Surplus

6.56
1.46
1.10
1.49
1.12

5.43

92
1.44
2.59
258

5.06
5.30
2.42

.61
3.23
4.74
4.55

297
2.01
3.11
6.56

.61

Soil
moisture

10/31

3.60
3.48
3.65
3.12
3.44
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Appendix Table 7. Redfield, South Dakota Data for Corn Period May 10 to September 5. Soil Capacity 4 Inches
Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 Inches

Without irrigation With irrigation :Q
Soil  No. of Soil Soil Irrig. Trrig. Soil °§
moisture drought moistur: [moisture Irrig. 5/10 ‘Total and moisture
Year Precip. PE 5/10 days Deficit Surplus 9/5 | 5/10  3/30 9/5 irrig. precip. Deficit Surplus  9/5 Q
=
1930 7.72 19.99 3.94 82 12.07 1.97 1.77 3.94 47 10.00 10.47 18.19 4.00 2.67 3.00 S
1931 5.97 21.53 3.40 80 13.15 .86 3B 3.40 .00 12.00 12.00 17.97 4.82 1.46 3.20 E
1932 10.93 20.64 2.29 72 8.94 .00 1.52 3.57 2.14 6.00 8.14 19.07 4.02 .83 3.05
1933 8.32 21.49 3.19 76 10.42 .00 .44 3.58 .62 10.00 10.62 18.94 4.46 1.09 3.78 %
1934 5.20 21.56 .80 119 15.83 .00 27 4.00 2.69 10.00 12.69 17.89 4.76 .06 2.34 §
¥
1935 7.5, 19.67 3.62 74 9.78 .00 1.30 3.62 77 8.00 8.77 16.34 3.82 .66 2.68 =
1936 6.90 23.27 1.43 114 16.14 .00 1.20 3.05 3.06 12.00 15.06 21.96 5.07 .81 2.94 Ry
1937 6.93 21.90 3.20 75  12.48 .00 24 3.29 1.73 10.00 11.73 18.66 4.89 .63 2.58 S
1938 8.25 20.61 3.58 80 10.58 .24 1.56 3.67 2.72 8.00 10.72 18.97 4.21 32 3.20 Q
1939 10.25 21.31 .85 87 11.30 .81 .28 2.17 3.10 10.00 13.10 23.35 4.09 2.17 3.03 3
1940 11.17 20.39 3.21 64 9.36 1.05 2.30 3.21 1.04 8.00 9.04 20.21 4.29 3.98 2.30 ,\b
1941 8.06 21923 3525 69 10.85 .00 93 3.25 2.34 10.00 12.34 20.40 4.30 1.16 3.22 s
1942 11.83 18.17 3.72 48 6.14 1.50 2.02 3.72 .00 4.00 4.00 15.83 3.43 1.55 3.26 3
1943 12.74 19.44 1.18 66 7.30 .00 1.78 2.28 2.07 4.00 6.07 18.81 3.46 61 2.43 3.
1944 12.27 19.71 3.71 30 6.02 .00 2.29 3l 1.46 4.00 5.46 17.73 4.00 1.12 3515 N
1945 12.52 17.49 2.39 49 6.35 2.80 .97 3.59 2.22 6.00 8.22 20.74 3.11 4.39 3.34 o
1946 10.68 18.35 3.42 46 6.03 1.06 .72 3.42 .69 6.00 4.69 15.37 3.24 2.65 2.34 0'2
)
Average 9.25 20.40 2.78 72 10.16 .61 1.19 3.38 1.60 8.12 9.60 18.85 4.12 1.54 2.93 g
Av.1932-36 7.78 21.33 2.27 91 12.22 .00 .95 3.56 1.86 9.20 11.06 18.84 4.43 .69 2.96 =
Av. 1942-46 12.01 18.63 2.88 48 6.37 1.07 1.56 3.34 1.29 4.80 5.68 17.70 3.45 2.06 2.90 g
Highest 12.74 23.27 3.94 119 16.14 2.80 2.30 4.00 310 12.00 15.06 23.35 5.07 4.39 3.78 =
Lowest 5.20 17.49 .80 30 6.02 .00 13 237 .00 4.00 4.00 15.37 3.11 .06 2.30 oy
x
“
)
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Appendix Table 8. Redfield, South Dakota Data for Small Grain Period April 5 to July 18. Soil Capacity 4 Inches

Comparison of Soil Moisture Content Without and W ith Irrigation to Keep Soil Moisture Above 2 Inches

Without irrigation

moisture Irrig.

Soil  No. of Soil Soil
moisture dreught moisture

Year Precip. PE 4/5  days Deficit Surplus 7/18 4/5
1930 8.54 13.24 3.31 37 5.61 3.72 .50 3.72
1931 6.56 14.70 4.00 31 5.68 .86 .68 4.00
1932 9.01 14.23 1.79 46 4.82 .00 1.39 3.83
1933 7.70 14.91 322 36 5.63 .00 1.65 3.81
1934 3.98 1591 1.43 105 10.95 .00 44 3.97
1935 8.90 12.01 4.00 25 - 4561 4.76 .74 4.00
1936 4.17 16.06 1.07 100 11.03 .00 21 4.00
1937 6.92 13.89 2.80 26 5.36 .00 1.19 4.00
1938 9.82 13.83 1.28 42 4.25 24 1.28 3.98
1939 10.11 14.64 .85 73 6.03 .81 1.54 3.77
1940 6.71 13.35 2.95 36 5.22 .25 1.28 3.96
1941 10.25 14.30 2.06 20 4.00 .78 1.23 3.98
1942 10.48 12.75 3.82 5 241 2.37 1.59 3.82
1943 8.51 12.81 1.79 61 4.24 .00 1.73 3.71
1944 11.52 13.25 2.51 0 2.67 .81 2.64 3.96
1945 10.46 10.53 1.72 16 2.65 2.80 1.50 3.87
1946 10.99 13.38 3.96 5 2.33 1.06 2.84 3.96
Average 8.50 13.75 2.50 39 5.15 1.09 1.32 3.90
Av. 1932-36 6.75 14.62 2.30 62 7.41 195 .89 3.92
Av. 1942-46 10.39 12.54 2.76 17 2.86 1.41 2.06 3.86
Highest 1152 1606 400 105 11.03 476  2.84 | 4.00
Lowest 3.98 10.53 .85 0 2.33 .00 21 3.71

3/30

47
.00
2.14
.62
2.69

77
3.06
1.73
2.72
3.10

1.04
2.34

.00
2.07
1.46
2.22

.69

1.59
1.86
1.29
3.10

.00

Irrig.
4/5
7/18

6.00
6.00
2.00
4.00
8.00

With irrigation

Total
irrig.
6.47
6.00
4.14

4.62
10.69

4.77
11.06
5.73
6.72
7.10

AN BSOS CCWS
ONANNCT -

5.59
7.06
2.89
11.06
1.46

Irrig.
and

precip.

15.01
12.56
13.15
12.32
14.67

13.67
15.23
12.65
16.54
17.21

13.75
16.59
1248
12.58
12.98
14.68
13.68

14.09
13.81
13.28
17.21
12.32

Deficit Surplus

2.39
3.02
2.38
2.60
3.34

233
~343
2.75
2.05
2.29

—_—— O N — NN
ok orsn
SERNS— &

2.44
2.82
2.00
3.43
1.24

4.12
1.45
.00
.95
.05

5.08

.10
1.39
2.44
2.42

2.24
3.74
2.41

24
2.11
4.04
2.62

2.08
1.24
2.28
5.08

.00

Soil
moisture

7/18

3.29
3.43
2499
2.26
3.38

wWwWwhNWN
—_—N W -
—0C \O B

Nwhwwhw
xoaanoc o
RS NN RV RN

3.01
2.83
3.03
3.62
2.14
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Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average
Av. 1932-36
Av. 1942-46
Highest

Lowest

Appendix Table 9. Newell, South Dakota Data for Full Season April 5 to October 31. Soil Capacity 4 Inches
Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 Inches

Precip.

10.32
6.52
17572
17.68
9.02

9.00
6.84
15.35
8.05
8.73

12.97
20.16
16.84

9.91
13.25
10.31
24.02

12.74
12.05
14.87
24.02

6.52

PE

23.83
25.80
23.86
24.51
25.13

22.73
27.68
24.78
25.12
25.21

25.55
23.90
21.75
23.33
22.26
20.92
21.82

24.01
24.78
22.02
27.68
20.92

Without irrigation
No. of
moisture drought

Soil
4/5

3.81
2.23
1.50
2.31
3.02

—_ N —
NaAN—N
N = U0 = T

= N = N — N
W Ny N U
J10C OC O\ OC 4= 4

2.23
2.24
237
3.81

.55

days

121
187
123
136
155

121
193
106
142
207

114
70
98

173
98

154
49

132
126
112
207

49

Deficit

11.13
17.87

9.10
11.94
15.03

12.88
20.71
10.24
15.77
16.99

11.77
9.96
7.75

13.06
8.77

11.18
7.13

12.44
13.93
9.58
20.71
7.13

Surplus

13
.00
2.71
6.47
.00

1.90
.00
2.17
.00
.00

.82
5.41
4.07

.00
1.31
1.05
8.69

2.04
221
3.02
8.69

.00

Soil
moisture

10/31

1.30
.82
1.75
95
1.94

o2
.96
1.27
31
1.06

.81
2.35
1.25
1.40

.93
1.30
3.99

1.39
1.22
1.77
3.99

31

Soil
moisture
4/5

3.81
3.98
3.94
3.91
4.00

4.00
4.00
4.00
3.99
3.86

4.00
3.98
3.82
3.70
3.96
4.00
3.97

3.94
3.97
3.89
4.00
3.70

Irrig.
3/30

0
1.86
2.76
1.69
2007,

With irrigation

Irrig.
4/5
10/31

8.00
12.00
6.00
10.00
12.00

10.00
16.00
10.00
12.00
10.00

8.00
6.00
6.00
8.00
6.00
8.00
6.00

9.06
10.80
6.80
16.00
6.00

Total
irrig.

8.00
13.86

8.76
11.69
12.27

11.13
19.06
12.39
10.33
13.51

11.84
8.58
7.40

10.10
7.57

10.53
7.60

10.86
12.58
8.64
19.06
7.40

Irrig.
and

precip.

18.32
18.52
26.48
29.37
21.29

20.11
25.90
27.74
18.38
22.24

24.81
28.74
24.24
20.01
20.82
20.84
31.62

23.49
24.63
2351
31.62
18.32

Deficit  Surplus

4.80
6.19
3.83
4.30
5.19

4.59
6.33
4.77
4.99
5.73

5.42
4.55
3.63
Folld]
4.02
3.77
3.08

4.72
4.85
3.93
6.33
3.08

.38
.16
4.51
8.46
1.77

2.68
1.67
5.86
91
.30

2.87
7.88
5.75
01
2.44
2.54
11.26
3.50
3.82
4.40

11.26
.01

Soil
moisture

10/31

2.72
2.73
3.12
2.92
3.31

A S 11 Spadni uOMDSIAA] JUIAII(] 01 IINEVEF 421V AN I8y Sussn)

ol



Appendix Table 10. Newell, South Dakota Data for Corn Season May 10 to September 5. Soil Capacity 4 Inches

Comparison of Soil Moisture Content Without and With Irrigation to Keep Soil Moisture Above 2 Inches

Withoutirrigation W.th irrigation
Soil  No. of Soil Soil Irrig. Irrig. Soil
moisture drought moisture|moisture  Irrig. 5/10 Total and moisture

Year Precip. PE 5/10 days Deficit Surplus 9/5 5/10  3/30 9/5 irrig. precip. Deficit Surplus  9/5
1930 6.65 17.97 3.48 65 8.65 B .68 3.48 .00 8.00 8.00 14.65 3.86 .38 3.64
1931 4.01 19.44 2.20 105 13.44 .00 21 3.36 1.86 10.00 11.86 15.87 4.92 .11 2.74
1932 12.77 18.42 3.10 49 6.33 2.71 1.07 3.47 2.76 6.00 8.76 21.53 3.08 3.02 3.88
1933 11.79 19.02 4.00 80 9.42 4.90 1.29 4.00 1.69 8.00 9.69 21.48 3.42 5.39 2.80
1934 5.99 19.16 1.62 102 11.81 .00 .26 2.10 227 12.00 14.27 20.26 3.98 1.77 3.14
1935 7.82 17.32 291 65 9.09 1.90 .60 3515 113 8.00 9.13 16.95 3.22 223 2.64
1936 3.27 21.80 250 112 1637 .00 .34 3.30] 3.06 14.00 17.06 20.33 5.25 .18 3.85
1937 12.47 18.89 2.01 66 7.88 2511, 1.30 2.94 2.39 8.00 10.39 22.86 3.84 5.66 2.70
1938 5.02 18.35 2.35 83 1122 .00 .24 3.35 2.33 10.00 12.33 17.35 3.94 11 3.85
1939 6.66 18.88 58 116  12.29 .00 .65 2.48 3.51 8.00 11.51 18.17 4.50 .30 2.46
1940 8.79 18.99 317 58 8.30 57 75 3.17 1.84 8.00 9.84 18.63 4.23 3.16 2.04
1941 12.30 18.52 3.38 61 8.76 3.67 2.25 3.38 258 6.00 8.58 20.88 4.00 3.87 3.29
1942 10.74 16.16 3.75 42 5.19 2.63 .89 S/ 1.40 4.00 5.40 16.14 2.85 2.71 2.47
1943 7.82 17.27 1.39 82 8.60 .00 54 2.56 2.10 6.00 8.10 15.92 3.70 .00 2.81
1944 10.18 17.00 327 42 5.67 1.31 .81 3.57 1.57 4.00 557 15.75 3.12 1.50 2.37
1945 7.58 16.20 1.38 63 8.54 1.05 .25 297 258 8.00 10.53 18.11 3.16 2.47 3.04
1946 13.50 16.39 3.76 46 5.04 6.43 48 3.76 1.60 6.00 7.60 21.10 2.71 6.83 2.75
Average 8.65 18.22 2.64 73 9.27 1.61 74 3.22 2.04 7.88 9.73 18.59 3.75 2.33 2.96
Av.1932-36 8.32 19.14 2.83 82  10.60 1.90 71 Sl 2.18 9.60 11.78 20.11 3.79 2.52 3.26
Av.1942-46 9.96 16.60 271 55 6.81 228 .59 3.32 1.84 5.60 7.44 17.40 3.10 2.70 2.69
Highest ~ 13.50  21.80  4.00 116 1637 643 225 | 400 351 1400 1706  22.86 525 683  3.88
Lowest 3.27 16.16 .58 42 5.19 .00 21 2.10 .00 4.00 5.40 14.65 2.71 .00 2.04
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Year

1930
1931
1932
1933
1934

1935
1936
1937
1938
1939

1940
1941
1942
1943
1944
1945
1946

Average

Appendix Table 11. Newell, South Dakota Data for Small Grain Season April 5 to July 18. Soil Capacity 4 Inches

Comparison of Soil Moisture Content Without and W ith Irrigation to Keep Soil Moisture Above 2 Inches

Without irrigation
Soil  No. of
moisture drought
Precip. PE 4/5 days Deficit

6.64 12.30 3.81 16 3.26
4.05 13.07 223 82 7.23
13.20 12.58 1.50 20 2.36
13.62 12.53 2.3) 31 4.20
4.80 13.74 3.02 60 6.88

7.10 10.52 397 16 2.97
3.74 14.75 1.11 88 10.20
11.51 11.81 2.63 30 3.67
5.77 12.16 1.61 37 5.44

1.85 13.04 5D 102 8.42
8.46 12.37 2.44 9 3.51
13.52 12.37 1154 27 3.60
13.29 10.67 248 0 1.59
7.17 10.83 1.76 68 3.83
9.83 10.92 2.48 0 2.05
7.42 9.03 1.78 49 2.39
16.60 11.38 3.35 1 1.59

8.92 12.00 228 37 4.31

Av. 1932-36 8.49 12.82 224 43 5.32
Av. 1942-46 10.86 10.57 2.37 24 2.29

Highest
Lowest

16.60 14.75 3.81 102 10.20
3.74 9.03 55 .00 1.59

Surplus

13
.00
2.71
6.47
.00

1.90
.00
2.17
.00
.00

.82
5.41
4.07

.00
1311
1.05
778

1.99
2.22
2.83
7.73

.00

Soil Soil
moisture|/moisture
7/18 | 4/5
1.28 3.81
44 3.98
1.77 3.94
1.13 9]
.96 4.00
.92 4.00
.30 4.00
3.83 4.00
.66 3.99
.78 3.86
122 | 4.00
.88 3.98
2.62 3.82
1.93 3.70
2018 3.96
1.51 4.00
2.43 3.97
1.46 3.94
1.02 | 3.97
2.12 3.89
3.83 4.00

.30

| 3.70

Irrig.
3/30

.00
1.86
2.76
1.69
2220/,

1.13
3.06
2.39
288
3.51

—_—N — N — N —
[=RVSEN Fa N lis' JN

2.04
2.18
1.84
3.51

.00

Irrig.
4/5
7/18

2.00
4.00
2.00
4.00
6.00

4.00
8.00
4.00
4.00
4.00

4.00
4.00
.00
.00
.00
2.00
2.00

3.18
4.80
.80
8.00
.00

With irrigation

Total
irrig.

2.00
5.86
4.76
5.69
8.27

5.13
11.06
6.39
6.33

Irrig.
and

precip.

8.44
9.91
17.96
19.31
13.07

12.23
14.80
17.90
12.10
12.36

14.30
20.10
14.69

9.27
11.40
11.95
20.20

14.11
15.47
13.50
20.20

8.44

Deficit

225
3Ll
1.45
1.84
2.82

1.74
329
1.82
2.00
2.71

245
2.02
1.28
2.18]
1.60
1.07
1.32

2.06
2.23
1.48
3.29
1.07

Surplus

18
.09
4.47
8.15
1172

2.53
1.49
5.69
83
.26

4.21
7.72
5.10

.00
2.34
2.46
8.51

3.28
3.67
3.68
8.51

.00

Soil
moisture

7/18

2.22
1.98
3.54
2.69
2.16
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Appendix Table 12. Daily Soil Moisture Balance, 1942, Brookings, South Dakota. Soil Holds
4 Inches of Water at Field Capacity and Has 3.90 March 12. Ninety Percent of Available
Gravity Water Held for Percolation of Each Succeeding Day. (All Values in Inches)

1 ey )] ) 5) (6) ) ®) © 10 (1)
Soil Actual Available Gravity  Soil
Adj. moisture  storage gravity water  water
Day Precip. PE P-PE storage change Deficit Surplus water storage balance
March
12 3.90

13 .09 .02 ~+.07 3.97 —+.07 .00 .00 .00 .00 3.97
14 31 .01 —+.30 4.00 —+.03 .00 27 27 24 4.24

15 .17 .00 +.17  4.00 00 00 17 4 B7 i 37
16 .00 .00 00 4.00 00 .00 .00 .37 33 433
17 .00 .00 00 4.00 00 .00 .00 .33 30 430
18 .00 .00 00 4.00 .00 .00 .00 .30 27 427
19 01 02 —0I 399 —01 .00 .00 27 24 423
20 37 .01 436 400 4.01 00 35 59 53 453
21 .00 .01 —01 399 —01 .00 .00 53 48 447
22 00 .02 —02 397 —02 .00 .00 48 43 440
23 .00 05 —05 392 —05 00 .00 43 .39 43]
24 00 05 —05 387 —05 .00 .00 .39 35 422
25 89 06 4.8 400 413 00 .70 105 95 495
26 44 02 442 400 00 .00 42 137 123 523
27 .04 .00 +.04 400 00 .00 04 127 114 514
28 .01 .00 4.0 4.00 00 .00 .01 115 104 5.04
29 .01 .00 4.01 4.00 .00 .00 .01 105 .95 495
30 .00 00 4.00 4.00 0 .00 00 95 86 486
31 .00 .00 00  4.00 00 .00 .00 86 .77 477
April

1 .00 .04 —04 39 —04 00 .00 77 .69 465

2 .00 .04 —04 392 —04 00 00 .69 62 454

3 .00 05 —05 38 —05 00 .00 62 56 443

4 00 08 —08 379 —08 00 .00 56 50 @ 4.29

5. .00 .02 —02 377 —02 .00 .00 50 45 422

6 17 00 +.17 394 417 .00 .00 45 41 435

7 04 00 +04 398 404 00 00 41 37 435

§ .00 .01 —01 397 —01 .00 .00 37 .33 430

9 .00 .03 —03 39 —03 .00 .00 .33 30 4.24
o .00 .02 —02 392 —02 .00 .00 30 27 419
1 .00 .02 —02 39 —02 00 .00 27 24 4.l4
12 00 06 —06 384 —06 .00 .00 24 22 406
3 0 09 —09 375 —09 .00 .00 22 20 395
14 .00 .11 —11 364 —I11 00 00 20 .18 3.82
15 00 .13 —13 352 —I12 .01 .00 .18 .16 3.68
16 .00 .10 —10 342 —09 .0 0 16 14 357
17 00 06 —06 338 —05 .01 .00 .14 .13 351
18 .00 .08 —08 331 —07 .01 00 .13 12 343

19 .00 .07 —.07 3.25 —.06 .01 .00 12 11 3.36



Using Climatic Water Balance to Determine Irrigation Needs in S D 23

m @ B @ e ® O ® O a) ay
Soil Actual Available Gravity  Soil
Adj. moisture  storage gravity water  water

Day Precip. PE P-PE storage  change Deficit Surplus water storage balance

(April, continued)

20 .00 .06 —.06 3.20 —.05 .01 .00 A1 .10 3.30
21 .00 .08 —.08 3.14 —.06 .02 .00 .10 .09 3.23
22 .00 .10 —.10 3.06 —.08 .02 .00 .09 .08 3.14
23 .00 13 —.13 2.96 —.10 .03 .00 .08 .07 3.03
24 .00 A1 —.11 2.88 —.08 .03 .00 .07 .06 2.94
25 A1 1 .00 2.88 .00 .00 .00 .06 .05 2.93
26 .03 .09 —.06 2.84 —.04 .02 .00 .00 .00 2.84

27 47 .08 +.34 3.18 +.34 .00 .00 .00 .00 3.18
28 .30 .09 +.21 3.39 +.21 .00 .00 .00 .00 3.39

29 .00 12 —.12 3.29 —.10 .02 .00 .00 .00 3.29
30 .62 13 +.49 3.78 +.49 .00 .00 .00 .00 3.78
May

1 .85 11 +.74 4.00 +.22 .00 S2 5] .47 4.47
2 .39 .04 +.35 4.00 .00 .00 35 .82 74 4.74



Appendix Table 13. Comparison of Results of Irrigating to Maintain Soil Moisture at or Above 2.00 Inches
and 2.50 Inches at Redfield, South Dakota 1930-1946

Inches 2.00 inches 2.50 inches
Year precipitation Irrigation Deficit Surplus Irrigation Deficit Surplus
1930 18.48 10.47 4.71 6.56 13.97 3.48 8.83
1931 - 993 14.00 6.16 1.46 16.50 4.36 1.67
1932 14.79 10.14 5.01 1.10 11.14 3.29 80
1933 11.22 12.62 5.51 1.49 14.12 3.97 2.07
1934 9.03 16.69 6.28 1.12 17.69 4.54 44
1935 13.72 12.77 5.05 5.43 12.77 3.76 5.34
1936 8.26 17.06 6.61 92 19.56 4.78 1.02
1937 - 10.66 13.73 6.11 1.44 15.23 4.30 1.41
1938 14.62 12.72 5.32 2.59 16.22 3.53 3.68
1939 12.92 15.10 5.49 253 19.60 3.98 5.37
1940 14.97 13.04 5.83 5.06 16.04 4.07 6.41
1941 18.43 12.34 4.94 5.30 12.84 3.81 4.67
1942 - 1727 4.00 4.48 2.42 7.50 2.92 4.25
1943 15.27 8.07 5.07 .61 14.07 3.20 4.25
1944 17.56 5.46 5.29 3.23 8.96 3.52 4.30
1945 16.81 822 3.70 4.74 9.72 2.62 5.05
1946 - 19.04 6.69 4.03 4.55 9.69 291 6.43
Average . 11.36 5.27 2.97 13.86 3.71 3.88
Av. 1932-36 d 13.86 5.69 2.01 15.06 4.09 1.93
Av. 194246 - 17.19 6.49 451 SNl 9.99 3.03 4.87
Highest 19.04 17.06 6.61 6.56 19.60 4.90 8.84
Lowest 8.26 4.00 3.70 .61 7.50 2.62 .80

3M—I11-61—8944
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