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ABSTRACT:
The effects of added summerrainfall on agricultural areas in Illinois and the Midwestwere investigated by using a quasi-distributed-parameter watershed model. Increases in summerconvective rainfall during
July-Augustwere simulated and used in the modelto describe the changes in soil moisture, crop water use, shallow ground water, and streamflowconditions whichcould potentially result from precipitation augmentationpractices. Twoperiods, representing very dry and very wet conditions, were used in the simulations with 10%to 25%
precipitation increases. Results suggest that the greatest proportion of additional summerrainfall eventually percolates into groundwater, and that less than 25%percent of the precipitation increase is used by the crops. Simulated increases in summer
rainfall offer limited utility in reducingcrop waterstress becausethe rainfall events do
not always coincide with the period of greatest crop water need. Methods,such as irrigation, whichprovide additional water at a specified time andamountcan producesignificant benefits to the plants.

1. INTRODUCTION
In order to understandthe impactsof precipitation augmentation on agricultural productivity and freshwater
resources, it is necessary to evaluate these changeson soil
infiltration and moisture, shallow ground-watermovement,and
streamflow. The moisture brought by increa~s in rainfall (or
other sources such as irrigation) could potentially be distributed into one of four hydrologic processes: 1) runoff into
stream, 2) seepage into groundwater, 3) evaporation into the
atmosphere,and 4) abstraction from the soil into the plant for
eventual transpiration into the atmosphere. Onlythe last of
these processesis of primarybenefit to the plant.

2.

PRECIPITATION AUGMENTATION
SIMULATIONS
Precipitation augmentationwas simulatedfor two historical periods, 1951-1954and 1972-1975. These periods were
selected as examplesof a very dry and very wet set of years,
in central Illinois, respectively. The modelwas tested with
the actual daily rainfall in these eight years, and then precipitation was increased in the months of July and August for
days on which rainfall had been recorded. By limiting the
rainfall increases to days whichhistorically had experienced
precipitation, the original distribution of rain-producingstorms
is maintained. Further, no evidence exists to suggest that the
total numberof days with rain in Midwestem
convective rain
conditions could be increased (Changnonand Semonin, 1975;
Changnonand Hsu, 1981).
Fourlevels of precipitation increase were analyzed:
1. All rain-producing clouds are seeded, causing a 10%
increase in all July-Augustrainfall;

A quasi-distributed-parameter model was developed to
simulate soil moisture and baseflowconditions for agricultural
areas in Illinois and the Midwest.A modellabeled the PACE
Watershed MODEL
(PWM)was designed and developed over
two years with components sensitive to water movement
processes. This providedthe potential fo~ evaluating paths for
increased amountsof rainfall, and thus offer somepossible
answers as to the usability of potential augmentation
(Durgunoglu et al., 1987). The PWM
was calibrated for the
KaskaskiaDitch watershed(at Bondvillein central Illinois)
using soil moisture and streamflow records for the period of
1981-1985. The model was validated by using streamflow
records for two additional periods, 1951-1954 and
1972-1975. These two periods embracesignificantly dry and
wet periods of record for the watershed.

2.

All rain-producing clouds are seeded, causing a 25%
increase in all July-Augustrainfall;

3.

All rain-producing clouds are seeded (July-August), but
causing a 25%increase only for storms which otherwise
wouldhavedaily precipitation totals in the range of 0.1
to 1.0 inches; and

4.

Onlyhalf of the rain-producing clouds are seeded (JulyAugust), causing a 25%increase in rainfall for those
storm events.
Therange of selected increases (I0 to 25%)in daily rain
events is in agreementwith levels used in other regions with
convective rainfall regime (Weather Modification Advisory
Board, 1978). The selection of increases only in 0.1- to 1.0inch daily rain was used to matchlevels believed most useful
to agricultural production and soil preservation (Changnon,
1981). The test of increases on 50%of the days wasto measure the effect of intermittent modification.

This paper describes simulation studies performed for
evaluating the hydrologiceffects of precipitation augmentation
for a watershedin central Illinois and special simulation studies performedfor analyzing the effects of using early season
rain augmentationand irrigation on crop stress reduction.
Severallevels of precipitation increase are evaluated to determinethe overall benefit to agriculture in terms of crop water
status. Results describe changesin soil moisture, crop water
use, shallow ground water, and streamflow conditions over
periods of years selected to present both wet and dry climatic
conditions in the watershed. Included is a brief analysis of
the characteristics in crop water supply neededto improvethe
crop condition.

Theadditional rainfall associated with each of the levels
of augmentationwill either 1) tun off into the stream during
the rainfall event, 2) evaporate from the surface or shallow
layers of soil, 3) infiltrate into the soil and later be used by
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tional rainfall will ran off during storms or percolate down
into ground water. For example, in 1973 the estimated
increase in rainfall for the largest level of augmentation(25%
for all rainfall) is 3.06 inches (table 2). Of this amount,
simulationfor the l~lanagansoil estimates that a total of 2.97
inches will either mnoff during the storm events (1.20 inches)
or percolate into ground water (1.77 inches). The simulated
increase in total streamflowfor the watershedin 1973is 2.86
inches. Becausestorm runoff is greater, potential increases in
the severity of flood events should be a consideration when
seeding clouds under wet-soil conditions. Virtually none of
the precipitation increase is used by the crops (variable TR),
and it is possible that excessively high levels of soil moisture
could have a detrimental effect by inhibiting crop growth.
Researchhas shownthat overly wet summerconditions in Illinois decrease corn and soybean yields (Huff and C"nangnon,
1972).

plants for transpiration, or 4) remainin the soil andeventually
percolate downto the ground-water table. The processes
simulatedare listed as follows:
P = Total Precipitation
ET= Total Evapotranspiration
TR=
Total Transpiration
SMmi
n = MinimumAvailable Soil Moisture
for the Year
ASM
= Changein the Soil Moist~arefor the Year
Seep = Total DeepPercoIation from Soil Moisture
Component
QR= Total Surface Runoff from Soil Moisture
Component

For the dryer years of 1951-1954, the simulated
increases in precipitalion appear to be more evenly used
amongthe various hydrologic processes. During these years,
the average annual increase in summerprecipitation (given
25%level of augmentation) is 1.58 inches. However, the
maximum
increase in crop transpiration during any of these
years is only 0.36 inches for Flanagansoil and 0.21 inches for
Drummersoil, be~ in 1952 (table 1). A majority of the
increases in precipitation appearto stay in the soil, unusedby
the plants, eventually to enter the groundwater throughpercolation (the "Seep"variable).

E(Seep+ QR)= WeightedTotal of (Seep + QR)for
Soil Types
Qest = Total StreamflowEstimate from Ground
Water Component
Qobs= Total ObservedStreamflow
For each of the simulatedlevels of precipitation augmentation, a summarywasdeveloped describing the distribution
of the additional precipitation amongthe various hydrologic
processes (Durgunogluet al., 1988). Examplesof these are
providedin tables 1 and 2 for two years of simulation, and for
both Flanagan and Drummersoils, the two soils in the
watershedand typical of prairie soils of the CornBelt. Also
included in these tables are the simulated values of total
streamflowfor the entire watershed(the KaskaskiaDitch).

Theaverage distribution of the additional precipitation
into the various hydrologic processes in the dry years is
presented in table 3. As noted, most of the additional water
eventually percolates into groundwater. Little of the precipitation increase tends to be used by the crop. This is likely a
result of 1) the limited amountof additional rainfall occurring
during any one storm, and 2) the distribution of rainfallproducing storms within these dry years. This relationship
betweendistribution of storms and crop waler use is further
examinedin the following section.

Theincrease in precipitation was distributed amongfour
variables, as describedin the equation:
AP = AET+ AScep+ AQR+ A(ASM)

(1)

whereA represents the amountof change in the variables, as
defined earlier, from conditions with no augmentation. The
variable of greatest concernin tables 1 and 2 is TR,the total
transpiration for the year. Anyincreases in TR represent
increased crop water use, whichsignifies a reduction in crop
water stress. All values of transpiration are included in the
total evapotranspiration value (ET). The change in the
minimum
soil moisture, SMmi
n, is also significant in that it
represents the extent of soil moisture depletion during the
growing season. The change in soil moisture for the year,
ASM,will ordinarily be greater under augmentedconditions,
but mayfluctuate from year to year since this term depends
on conditions during the preceding year.

OTHER SIMULATIONTESTS
In order to study and better understand lhe apparently
limited effect of precipitation increases on the amountof
simulated crop transpiration,
two other types of water
increases were simulated in the model. The first case examined a scenario whereprecipitation au~,nnentationis initiated
earlier in the year (during the monthof June) in order
increase the general soil-moisture level of the soil. The
second case examinedthe effects of large water applications,
potentially available through irrigation, on simulated crop
water use. The soil-moisture componentwas used to simulate
these cases for Flanagansoils for the three driest years (1953,
1954, and 1983). Calculations were done for the 8 test years
(1951-54, 1972-75)and for 5 recent years.

3.

In the summaryof total flows for the watershed, the
term X (Seep + QR)is the weightedtotal of seepage and ranoff for the entire watershed.Overa long period of time, this
term will be equal to the estimated runoff of the watershed,
Qest’ However,because of the effect of ground-waterstorage,
these two terms will be slightly different for any one year.
For example, during the drought years (1952-1954, see table
1) the estimated discharge is higher than E (Seep + QR)
because of the contribution of ground-water storage to the
stream.

A crop stress index wasdefined for use in describing the
effect of soil moisture and crop water use on crop development. The crop stress value for any one day is defined as the
fractional amountof potential crop growth that is suppressed
because of the lack of moisture available to the plant. If, on
any one day, the crop is under severe stress and no crop
growthoccurs, a unit value of crop stress is recorded. Severe
crop stress is assumedto occur wheneveractual transpiration
(as limited by soil moisture) is less than 50%of the potential
transpiration (Saxtonet al., 1984). Partial stress is assumedto

Thesimulated conditions suggest that during the wetter
years (1972-1975,see table 2), a great percentageof the addi68

Table 1. Summaryof Water VolumesUsed in the Hydrologic Processes and Precipitation Augmentation
for 1952, a DryYear.
FLANAGAN
SOIL (1952)
Simulation Condition
Process
P
ET
TR
SMm~n
ASM
Seep
QR
Seep + QR

0

1

2

3

4

33.86 (0.00)
27.19 (0.00)
15.54(0.00)
12.94(0.00)
-2.83 (0.00)
8.41 (0.00)
1.07 (0.00)
9.48 (0.00)

34.35(0.49)
27.44 (0.25)
15.70(0.16)
13.20(0.26)
-2.62 (0.21)
8.42(0.01)
1.09 (0.02)
9.51(0.03)

35.07(1.21)
27.73(0.54)
15.90 (0.36)
13.59 (0.65)
-2.33 (0.50)
8.47 (0.06)
1.18(0.11)
9.65 (0.17)

34.70 (0.84)
27.63(0.44)
15.86(0.32)
13.36 (0.42)
-2.50 (0.33)
8.44 (0.03)
1.11(0.04)

34.28 (0.42)
27.41 (0.22)
15.70(0.16)
13.15(0.21)
-2.67(0.16)
8.42 (0.01)
1.09(0.02)
9.51 (0.03)

9.55 (0.07)

DRUMMER
SOIL (1952)
Simulation Condition
Process
P
ET
TR
SMrn~n

ASM
Seep
QR
Seep + QR

0

1

2

3

33.86 (0.00)
25.22(0.(X))
15.59(0.00)
11.36(0.00)
-0.01 (0.00)
6.90 (0.00)
1.67 (0.00)
8.57 (0.00)

34.35(0.49)
25.34 (0.12)
15.69(0.10)
11.58(0.22)
0.02(0.03)
7.16(0.26)
1.74 (0.07)
8.90(0.33)

35.07(1.21)
25.46 (0.24)
15.80 (0.21)
11.91 (0.55)
0.02(0.03)
7.63(0.73)
1.88(0.21)
9.51(0.94)

34.70(0.84)
25.44 (0.22)
15.78 (0.19)
11.72 (0.36)
0.02 (0.03)
7.38 (0.48)
1.77 (0.10)
9.15 (0.58)

4
34.28(0.42)
25.34(0.12)
15.70(0.11)
11.55 (0.19)
0.02 (0.03)
7.12 (0.22)
1.72(0.05)
8.84 (0.27)

TOTAL FLOWSAT BONDVILLE(1952)
Simulation Condition
Process
E(Seep + QR)
Qest

0
9.04 (0.00)
12.24 (0.00)

Qobs

10.65 (0.00)

1
9.22 (0.18)
12.57(0.33)

2
9.58 (0.54)
12.85(0.61)

3
9.36 (0.32)
12.63 (0.39)

4
9.19 (0.15)
12.50(0.26)

Condition:
0 = Nocloud seeding is done (natural condition);
I = All rain-producingclouds are seededduring July-August,causing a 10%increase in all rainfall;
2 = All rain-producingclouds are seededduring July-August,causing a 25%increase in all rainfall;
3 = All rain-producing clouds are seeded during July-August,causing a 25%increase, but only for
stormswhichotherwisewouldhavedaily precipitation totals in the range of 0.1 to 1.0 inches;
4 = Onlyhalf of the rain-producing clouds are seeded during July-August,causing a 25%increase in
rainfall fbr thosestormevent,s.
Numbersin parenthesesindicate increase fromcondition 0.
All values are in inches.
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Table 2. Summary
of Water VolumesUsed in the Hydrologic Processes and Precipitation Augmentation
for 1973, a WetYear.
FLANAGAN
SOIL (1973)
Simulation Condition
Process
P
ET
TR
SMrn~r~
ASM
Seep
QR
Seep + QR

0
49.20 (0.00)
28.74 (0.00)
15.52(0.0(I)
16.62(0.00)
0.00 (0.00)
17.02(0.00)
3.40(0.00)
20.42 (0.00)

1
50.43(1.23)
28.79(0.05)
15.55(0.03)
16.68 (0.06)
0.00 (0.O0)
17.77 (0.75)
3.84 (0.44)

2
52.26(3.06)
28.85 (0.11)
15.59 (0.07)
16.78(0.16)
0.00 (0.00)
18.79(1.77)
4.60 (1.20)

21.61 (1.19)

23.39 (2.97)

3
50.52(1_.32)
28.84(0. I0)
15.59(0.07)
16.78 (0.16)
0.00 (0.00)
18.09 (1.07)
3.56 (0.16)
21.65(1..23)

4
49.86 (0.66)
28.80 (0.06)
15.56 (0.04)
16.70(0.08)
0.00 (0.00)
17.56(0.54)
3.47 (0.07)
21.03 (0.61)

DRUMMER
SOIL (1973)
Simulation Condition
Process
P
ET
TR
SMmin
,SSM
Seep
QR
Seep + QR

0
49.20 (0.00)
26.77 (0.00)
15.78 (0.00)
13.40 (0.001
0.06 (0.00)
17.75 (0.00)
4.52 (0.00)
22.27 (0.00)

1

2

50.43(1.23)
26.80(0.03)
15.80(0.02)
13.46 (0.06)
0.06 (0.00)
18.43(0.68)
5.03 (0.51)

52.26 (3.06)
26.85 (0.08)
15.83 (0.05)
13.55 (0.15)
0.06(O.IX))
19.36 (1.61)
5.88 (1.36)
25.24(2.97)

23.46 (1.19)

50.52(l. 32)
26.g5 (0.08)
15.83 (0.05)
13.55 (0.15)
0.06 (0.00)
18.74(0.99)
4.77 (0.25)

3

4
49.86 (0.66)
26.81 (0.04)
15.80 (0.02)
13.48 (0.08)
0.06 (0.00)
18.25 (0.50)
4.65 (0.131

23.51 (!.24)

22.90 (0.63)

TOTAL FLOWSAT BONDVILLE(1973)
Simulation Condition
Process
Y.(Seep+ QR)
Qest

Qobs

0
21.31 (0.00)
21.18 (0.00)
21.56 (0.00)

1
22.50 (1.19)

2
24.28 (2.97)

22.30 (1.12)

24.04 (2.86)

3
22.54 (1.23)
22.3~- (1.14)

4
22.07 (0.76)
21.73 (0.55)

Condition:
0 = Nocloud seeding is done (natural condition);
1 = All rain-producingclouds are seededduring July-August,causing a 10%increase in all rainfall;
2 = All rain-producingclouds are seededduring July-August,causing a 25%increase in all rainfall;
3 = All rain-producing clouds are seeded during July-August,causing a 25%increase, but only for
stormswhichotherwisewouldhavedaily precipitation totals in the range of 0.1 to 1.0 inches;
4 = Onlyhalf of the rain-producing clouds are seeded during July-August, causing a 25%increase
in rainfall for those stormevents.
Numbersin parentheses indicate increase from condition 0.
All valuesare in inches.
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Table 3. AverageDistribution of Additional
Precipitation to the VariousHydrologicProcesses
during Dry Years (1951-1954).
HydrologicProcess

FlanaganSoil

DrummerSoil

Soil Evaporation
Crop Water Use
Surface Runoff
Percolation

6%
23%
16%
55%

2%
15%
15%
68%

occur whenthe actual transpiration rate is between50%and
80%of the potential rate. The total crop stress index is the
cumulativenumberof crop stress values for the growingseason.
Table 4 provides values of the crop stress index
estimated by the soil moisture component, and the average
yield for comcrops in ChampaignCounty, Illinois (obtained
from the Illinois Departmentof Agriculture), for the 13 years
simulated by the model. Although the period of 1950s
demonstrate little relationship betweencrop stress and crop
yield, there exists a strong relationship betweenthese variables in the 1970s and 1980s. The crop stress index appears
to be an adequatetool for evaluating the effect of soil moisture on crop yield.
Table 4. Comparisonbetween the Crop Stress Index
and AverageCorn Yield for Simulated Years.
Year

CropStress

AverageYield
(Bushels/Year)

81
82
83
84
85

0.00
0.01
18.42
4.66
0.00

137
147
89
128
154

72
73
74
75

0.00
0.98
5.06
0.00

129
123
98
136

51
52
53
54

0.00
0.61
9.18
11.14

58
62
61
63

3.1 Simulation of June Augmentation
It wasthought that by increasing rainfall in June as well
as in July and August the soil moisture might be increased
prior to the dry periods whichcause the most severe stress
conditions for the crops. Examinationof table 5, however,
indicates that the additional Junerainfall did little to increase
the amountof crop water use in these 3 dry summers.Even
with the 2.29 inches of additional rainfall simulated for June
1983(in addition to July-Augustaugmentation),transpiration
for that year is increased by only 0.13 inches from the JulyAugustaugmentation condition. Anexamination of the rainfall record for the summerof 1983 indicates that a 28-day
period occurred (between July 5 and August 3) in which the
precipitation was only 0.30 inches. During this period there
were only two days with rainfall. Assumingthe highest level

of precipitation augmentationsimulated in this study, only
0.075 inches of additional rainfall wouldoccur during these
two days. The model shows this to have been of negligible
value. This period also experienced several weeks having
extremely high evapetranspiration demand.
The difference between the potential and actual transpiration simulated for this period in 1983is shownin figure
l a. Similar periods of high evapotranspirative demandand
little rainfall can be seen in other dry years simulated (see
figures 2a and 3a). The differences betweenthe bottom line
(unaugmentedtranspiration) and the middleline (transpiration
with augmentation)indicate that increased rainfall does little
to increase the crop water use, which wouldin turn decrease
crop stress. Therefore, regardless of the soil moisture conditions at the beginningof these periods, signilicant crop stress
wouldbe expectedbecauseof lack of rainfall.
The above example indicates that simulated augmentation conditions wereunable to substantially reduce crop stress
because of the lack of rain-producing storm events. A conclusion from this exampleis that in order to achieve considerable
benefit during dry years, augmentationefforts will need to
producesignificant amountsof rainfall (for example,near 0.5
inches) from conditions wherelittle rainfall wouldotherwise
be expected. This conclusion maybe further supported by the
results of the other simulation test in whichlarger amountsof
water were brought to plants in otherwise dry conditions by
irrigation.
3.2 Simulation of HeavyWaterApplications
Twocases of heavy water applications were simulated
for the Flanagansoil: one in whicha total of 3 inches of irrigation water was applied (1 inch applied 3 times during the
year), and the other where 4 inches of water was applied (1
inch applied 4 times). Thepresumptionin both cases is that
water supplies are available to provide these amountsvia irrigation. The applications of water were triggered whenthe
soil moisture in the top 12 inches of the soil columnfell
below a threshold level For the case involving a total of 3
inches of application, a lower level of soil moisture was
tolerated ,before application.
A summaryof the distribution of these heavy applications to the various hydrologic processes within the soil is
given in table 5. Thelowest increase in crop transpiration for
any one year of simulation was 1.38 inches in 1954. This
value can be obtained by subtracting the TR value with no
augmentation(15.19 inches) from the TRvalue with irrigation
(16.57 inches). Onaverage over these three years, 64%of the
water added during irrigation is used for crop water use (see
table 6). The values in table 6 can be comparedwith those in
table 3 to detect the majordifferences in the distribution of
water betweenlikely precipitation augmentationand heavier
applications from irrigation. Withoutconsiderations for cost
differencesor availability of water, irrigation is moreefficient
in supplying moisture to the crops becau~the water is supplied at the time whenthe plants need it most. Theirrigation
events are primarily needed only during those extended
periods whichordinarily wouldhavelittle, if any, rainfall.
The effect of heavier water applications from irrigation
events in improvingthe crop transpiration conditions is illustrated in figures Ib, 2b, and 3b. For all three years, the irrigation water reduces the differential betweenthe potential transpiration andactual transpiration to less than half of the origi-

Table 5. Summary
of WaterVolumesUsed in the Hydrologic Processes of the Soil. Moisture Component:
Precipitation Augmentation
and Irrigation Simulationstbr FlanaganSoil (All values are in inches).

Ycar
1953

Process
P
ET

30.09

27.22

27.95

26.46
17.55

27.21
17.59

24.70
16.25

24.87
16.25

12.28
-2.11

13.43
- 1.27

13.80
- 1.04

12.49
-2.43

12.49

2.86
{).99

2.90
0.99

2.91
0.99

3.78
1.15

-2.43
4.28
1.20

9.18

0.00

0.00

6.96

6.96

P
ET

29.70
25.92

32.70
27.72

33.70

3 l-. 60
26.26

32.28

TR

15.19

16.57

SMmin
ASM

14.15
3.63
-0.37

15.23
3.51
0.82

0.52

Seep
QR
CropStress
Index

27.72
16.57

15.39

26.46
15.51

15.23
3.28

15.02
4.03

0.63

1.05
0.64

0.12
0.59

4.24
0.81
0.76

11.14

3.81

3.81

9.66

9.22

P
ET

50.26
30.21

53.26
32.70

54.26

51.77

54.06

TR

18.18

20.74

33.52
21.56

30. 74
18.66

30.90
18.79

SMmin
ASM
Seep

12.40
0.06
14.29

12.83
0.06
14.63

12.96
0.06

13.14
0.06

5.65

5.82

14.76
5.87

12.63
0.06
14-.86

18.42

3.82

1.72

Seep
QR
CropStress
Index

QR
CropStress
Index

Table 6. Average Distribution of Large Water
Applications to the Various HydrologicProcesses
during Dry Years (1951-1954).

Soil Evaporation
Crop Water Use
Surface Runoff
Percolation

25%
Augmentation
(June-August)

29.09

ASM

HydrologicProcess

25%
Augmentation
(Jul)’-August)

24.33
15.90

SMmi
n

1983

HeavyApplications
(3 Inches)
(4 Inches)

26.09

TR

1954

No
Augmentation

15.22

6.05

15.58
7.46

14.82

14.25

end of the growingseason potential transpiration is greater
and the corn crop is more developed. In the same manner, a
well-developedcrop is more susceptible to crop stress during
dry conditions sirrlply because its transpirative demandis
greater.

FlanaganSoil

Thereductionin the crop stress index resulting fromirrigation is provided in table 5. Irrigation reduces the crop
stress to zero in 1953, and the indexes for 1954and 1983 are
reduced to 35%and 21%of the original values, respectively.
The improvementin stress conditions resulting from large
water applications from irrigation help substantiate the view
that, in order to the most good, precipitation augmentation
wouldneed to create rainfall within otherwisedry or marginal
periods.

8%
64%
3%
25%

nal differential. Becausestress conditions affect the growth
rote of crops, the potential transpiration rate can actually be
increased by supplyingthe crops with sufficient moisture earlier in the year. This occurs in 1954(Figure 3b), whenat the
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Figure 3. Changein the transpiration rate in 1954 due to a) precipitation augmentation, and b) irrigation.
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SUMMARYAND CONCLUSIONS
The PACEWatershed Model (PWM)was designed and
developed to simulate soil moisture and baseflow conditions
for agricultural areas in Illinois and the Midwest.Themodel
wasapplied to a watershedin central Illinois for two periods,
1951-1954 and 1972-1975. These two periods embrace
significant dry and wet periods of record for the watershed.
The model rcpresents the hydrologic processes of soil moisture, evapotranspimtion,percolation, baseflow,and streamflow.
Those were simulated for these two 4-year periods to develop
base conditions for examiningthe effects of precipitation augmentation on soil moisture, crop water use, and streamllo.w
conditionsin the basin.

plc, >-0.5 inch) are neededduring those periods whenlittle or
no rainfall wouldotherwiseoccur.

Four levels of increased precipitation were simulated for
the watershed, ranging from 10%up to a 25%increase in "all
precipitation during the months of July and August. All
modeledsimulations indicated that a great percentage of
potential precipitation increase will add to groundwater due
to increased percolation, and eventually supplement the
baseflow. However,only a small percentage of the increased
precipitation would be used by the crops. The amounts of
increased crop water use resulting from augmentationappear
to be insufficient to havesignificant effects on the total crop
water stress conditions or associated crop growth. This
insufficiency is mainlyduc to the temporaldistribution of precipitation whichdoes not generate suflicient rain during typically short (one to three week)periods of crop waterstress.
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The METROMEX
findings based on an outcome of substantial (30 to 70%)increases in certain heavy summerrain
events, and subsequentmeasurablecrop yield increase reveal
that agricultural benefits can occur from just enhancementof
existing rain conditions if they are sufficiently large (Changnon, 1977). The impact of increased (10 to 25%)precipitation on general water resources is found to be beneficial,
unless it is done during very wet periods. The results have
indicated that additional precipitation can actuall:y increase
baseflows, and thus improvewater quality during dry periods
withoutsignificantly increasing surface runoff.
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