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A Study on the Dev'elopment, of a Simulation Model for
Predicting Soil Moisture Content and Scheduling Irrigation
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Summary

Two types of model were established in order to product the soil moisture con-
tent by which information on irrigation could be obtained. Model- [ was to re-
present the soil moisture depletion and was established based on the concept of
water balance in a given soil profile. Mode!- [ -was a mathematical model derived
from the analysis of soil moisture variation curves which were drawn from the
observed data. '

In establishing the Model- |

for the determination of the variables such as'evapotranspirations, effective rain-

, the method and procedure to estimate parameters.

- falls, and drainage amounts were disqussed. Einpirical' equations representing . soil

moisture variation curves were derived from the observed data as the Model- ] .
The procedure for forécasting timing -and amounts of irrigation under. the given

soil moisture content was discussed.

The established models'wrere checked by comparing the observed data with
those predicted by the model. Obtained results are summarized as follows:

1. As a water balance model of a given soil profile, the soil moisture depletion
D, could be represented as the equation(2),

2. Among the various empirical formulae for potential evapotranspiration (Etp),
Penman’s formula was best fit to the data observed with the evaporation pans
and tanks in Suweon area. High degree of positive correlation between Penman’s
predicted data and observed data with a-large evaporation pan was confirmed.
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and the regression enquation was Y =0.7436X +17.2918, where Y represents ev-
aporation rate from large evaporation pan, -in mm/10days, and X represents
potential evapotranspirétioh rate estimated by use of Penman’s formula.

3. Evapotranspiration, Et, could be estimated from the potevntial evapotranspira-
tion, Etp, by introducing the consumptive use coeffjcient, Kec, which was repre-:
sented by the following relationship:

Kc=Kco - Ka+Ks-oe-: (Eq. 6)
where Kco : crop coefficient
Ka : coefficient depending on.the soil moisture content
Ks : correction coefficient o l
a. Crop coefficient, Kco.
Crop coefficients of barley, bean, and wheat for each growth stage were
found to be dependent on the crob.
b. Coefficient depending on the soil moisture content, Ka.
The values of Ka for clay loam, sandy loam, and loamy sand revealed a
similar tendency to those of Pierce typ:. '
. Correction coefficent, Ks.
Following relationships were established to estimate Ks values:
* Ks=Kc—Kco - Ka, where K,=0 '
if K,=K“, - K,>1.0, otherwise Ks=1-Kco - Ka
4, Effective rainfall, Re, was estimated byr using following relationships:
Re=D, it R—D>0, otherwise, Re=R
"5 The difference between rainfall, R, and the soil moisture depletion D, was
taken as drainage amount, Wd. '

D=Y(Et—Re—1+Wd) if Wd=0,

=1
" otherwise, D=i'(Et—Re—I +Wd)
i=if

where ty=2~3 days. ,

6. The curves and their corresponding empirical equations for the variation of soil
moisture depending on the soil types, soil depths are shown on Fig. 8 (a,b.c,d),
The general mathematical model on soil moisture variation depending on seasons,
weather, and soil types were as follow:

SMC=2(CExp(—4; t)+ Re;—Excess;)
where SMC : soil moisture vcontent
C : constant depending on an initial soil moisture content
A : constant depending on season
¢t : time
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Re : effective rainfall
Excess : drainage and excess soil moisture other than drainage. The valueé
of 4 are shown on Table 1,
7. The timing and amount of irrigation could be predicted by the equation (9—a)
and (9—b,c), respectively. -
8. Under the given conditions, the model for schedu]ihg irrigation was completed.

Fig. 9 show computer flow charts of the model. '

a. To estimate a potential evapotranspiration, Penman’s equation was used if
a complete observed meteorological data - were available, and Jensen-Haise's
equation was used if a forecasted meteorological data -were available, However
none of the observed or forecasted data were- available, the equation (15)
was used.

b. As an input time data, a crop carlender was used, which was made based on
the time when the growth stage of the crop shows it's maximum effective
leaf coverage. 7

9. For the purpose of validation of the models, observed data of soil moiture
cc;ntent under various conditions from May, 1975 to July, 1975 were compared

to the data predicted by Model— [ and Model— [ .

Model— ] shows the relative error of 4.6 to 14.3 percent which is an accept-

able range of error in view of engineering purpose. ‘Model—- ]| shows 3 to 16.7

~ percent of relative error which is a little larger than the one from the Model— [
10, Comparing two models, the followings are concluded: Model— | established
on the theoretical background can predict with a satisfiable reliability for pfac-
tical use provided that forecasted meteorological data are available. On the other
hand, Model— [ was superior to Model— ][ in it's simplicity, but it needs long
period and wide scope of observed data to predict accepta_ble soil moisture content.
Further studies are needed on the Model— ]| to make it acceptable in practical

use.
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Table 1.

Variation of 1-values with respect
to the soil textures.

No\i]!ype Clay | Sandy | Loamy Remarks
Month 1 oda\y\ loam loam sand
First 0.0130] 0.0284] 0.0131
May | Mid | 0.0159 0.0273| 0.0209
Last 0.0471| 0.0882] 0.1144
First 0. 0549  0.0278( 0.0119
June | Mid 0.0229; 0.0318 0.0202
Last 0.0363] 0.0109 0C.0529
- First 0. 0052 0.0583] 0.0481
July | Mid 0.0418] 0.0583] 0.0067
Last 0.0237| 0.0193 0.0357
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(1) Subroutine ETP:
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Fig. 9—a. Computer flow chart for scheduling irrigation by simulation method(Model-Iy
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Table 2, Ten-day N-& Qa-Values in Suweon

area

Qa-Value N-Vilue

Month
First’ Mid ‘Last First | Mid | Last

Jan. 372.99|396. 68l431. 68| 9.68| 9.87 10.12
Feb. |475.27|527.75/580. 13| 10. 48} 10.83) 11.20
Mar. |628.82(679.89732. 27{ 11. 53| 11.95 11. 32
Apr. [738.34]760. 61|875. 48| 12.76 13.14] 13. 52
May. [911.55[942. 621965. 00| 13. 87| 14.18! 14.44
Jun. 977. 38{986. 07|986. 07| 14. 64| 14.74) 14,74
Jul. 977. 381967, 38|952. 62| 14. 68| 14.52| 14.27
Aug. [915.24[879.17[838. 10| 13. 95 13.62| 13.26
Sep. 792. 03(740. 96|688. 58] 12.84] 12.435| 12,07
Oct. 632, 51(581. 44]527.75| 11. 64| 11.24 10..88
Nov. [480.37/436. 68]399. 30 10.49| 10. 17| 9.9}
Dec. 374, 30{359. 30[359. 30| 9.71} 9.59f 9.59

(3) Subroutine E(ETP) : . .
BERLHE BIEES Hests] S Subroutine
o2 FR BHERT #HEA FRe AT BER
g RS % Aoldh :

27-11e KEHFY 19729 ~19753 9] BER
mREY A% #tE B Fovh 2R H
% BULKE 3~10A2 BEdlz & A5 BEE
Bl b BXE Roly TR THUEY BAHE
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Fig. 11. Comparison between expected potential
evapotranspiration and actual values.
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(4) Subroutine Crop Calender:

29 AHDRKEA Julian Calender® #igslw
HEMCE AFEHY ER Taestd, =8
fee] £EHHE w=A Julian Calenderd| #ist
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(5) Subroutine Predicting Irrigation:
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