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THE OPTIMAL IRRIGATION UNDER WATER USE DECISIONS 
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ОПТИМАЛЬНІ РІШЕННЯ ДЛЯ ВИКОРИСТАННЯ ІРРИГАЦІЇ ВОДИ 
_______________________________________________________________________________________________ 
 

We find optimal quantity of water for irrigation. Results demonstrate effects of water availability 
and irrigation technology decisions. Economic benefits can be compared to costs of operational 
charges, probability of hydrologic events and programs to increase supply reliability for agricultural 
areas. In practical relation the most rational in such a regime of periodic irrigation, quantity and speed 
irrigation following. Due to the prevention of surface runoff and the economical flow of water.  

 

Ми знаходимо оптимальну кількість води для поливу. Результати демонструють ефекти 
доступності води та рішень щодо технології зрошення. Економічні вигоди можна порівняти з 
витратами на експлуатаційні витрати, вірогідністю гідрологічних подій і програмами підвищення 
надійності постачання сільськогосподарських районів. У практичному відношенні найбільш 
раціональним у такому режимі періодичного поливу, кількості і швидкості зрошення наступне. 
Завдяки запобіганню поверхневого стоку і економічного потоку води. 
_______________________________________________________________________________________________ 
 

Ключові слова: оптимальне, зрошення, вода, використання, рішення, співвідношення. 

Keywords: optimal, irrigation,  water, use, decisions, relation. 

 

1.  Introduction. We make joint water and 
land use decisions based in part the find optimal 
quantity of water for irrigation. Results 
demonstrate effects of water availability and 
irrigation technology decisions. Economic benefits 
can be compared to costs of operational charges 
and programs to increase water supply reliability 
for agricultural areas. 

This pioces we can show by following 
picture. 

Combination of Darcy’s law and and the 

principle of muss conservation results in Richards 
equation in the vertical dimension by partial 
differential equation is study of problem soil water 
movement in sandy soil under the conventional 
flood irrigation practice. This equation is solved by 
means of the implicit finite difference scheme. This 
is impact of irrigation scheme on water balance. 
Finally change of moisture in the soil we study by 
ordinary differential equation. We is consider 
change of moisture in the soil under the influence 
of due absoption from surface of soil of irrigation 
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and evoporation. Irrigation water demands depend 
on decisions on when and which crops to produce, 
how much water to apply, and which irrigation 
technologies to use. When water is scarce, we seek 

to optimize water allocation among competing 
crops and irrigation technologies to maximize 
production and revenue. 

Δh1 

h1 

h2 

Δh2

H1 H2

k1 k2 

y=f(k, t) 

L 

 
Figure 1. Dynamics of drainage in polyurethanum in the zone of aeration 

;222 hHh    ;11 Hh    ;12 hh    ;111 hHh   2 1hh  
 

 

We can consider the papers [1]-[4] for 

studying this problems. 

This paper presents some models of 

agricultural land and water use decisions. For this 

is:   

1. we using stochastic programming to 

simulate decisions;  

2. partial differential equation;  

3. ordinary differential equation;  

4. optimization methods.  

2.  Stochastic marginal conditions. We use 

the marginal conditions of a competitive process. 

Competitive process equilibrium conditions dictate 

that workers will be wiling to supply until his 

marginal revenue (price 
iP ) equals his marginal 

cost:  

.= iiii XP    (2.1) 

The right hand side (marginal cost) of (2.1) is 

the worker supply function of a given water i  in 

the quantity 
iX  with intercept 

i  and slope 
i . To 

arrive at these marginal conditions we can set the 

Lagrangian and apply Kuhn-Tucker first -order 

conditions to a defined objective function. Starting 

from the marginal conditions, equation (2.1) can be 

integrated in X  to arrive at the desired objective 

profit function  

,)0.5(= XXXPQ    

here  

2=0.5  X  (2.2) 

- calibrated crops. Equation (2.2) is solved for 

the supply function slope   with X  being 

observed calibration cropping area. The intercept 

  is calculated by substituting   and the 

observed areas X  in equation (2.1) since 
iP  is 

equal to the marginal production cost per acre at 

an optimal allocation. Water use decisions with 

probabilistic water availability  
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Land constraint  
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.,2

1=1=

1

1=1=

jforLXX jlk

h

k

m

i

ik

h

k

m

i

   

 

Second stage permanent crops  
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Water constraint  
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Permanent crop water allocation  
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1

= 1
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1 kijforTAW
AW

Y jik
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Irrigation technology constraint  

kjforIRXICX kjik

n

l

ikik

m

i

,,2

1=

1

1=

  

where model parameters are 
ikX1

– permanent 

crops, 
ik1 -supply function slope, 

ik1 – supply 

function intercept, ja – water available in year type 

j , 
iCA1
– annualized coast, 

ikIC – irrigation 

capital value to supply, 
iINI -annualized 

establishment cost, L  – land available, jP  
–

probability of hydrologic event, jRE1  
– annualized 

gross revenue, jlkAW1  
– water supply to annual 

crop technology k  in year type j , 
kIR  

– 

annualized first stage investment in irrigation 

technology k , jikTAW1  
– water supply to 

permanent crop i  with technology k  in year type 

j , jikY1  
– area of permanent crop i  irrigated with 

technology k  in year type. 

3.  Mathematical model for simulating water 
balances. Soil water movement in sandy soil under 

the conventional flood irrigation practice is 

predominantly vertical, and can be simulated as 

one-dimensional flow. The vertical flow of water in 

soil consists of both upward and downward water 

movements. Upward water flow is caused by 

evaporation from the soil surface and transpiration 

by vegetation. Combination of Darcy’s law and the 

principle of mass conservation results in Richard’s 

equation, which in the vertical dimension can be 

written as  

 

),,(
)(

)(=)( tzs
t

k

z
k

zt
C 

















   (3.1) 

 

where   – is the volumetric water content )( 3cm , 



d

d
C =)(

 

– the differential water capacity 

)( 1cm , t  – the time ( min ) and z -is the vertical 

coordinate )(cm  (positive upward), )(k
 
– the 

hydraulic conductivity )min( 1cm  given 0< , 

 – is metric flux potential )(cm , 0> ,   is 

soil water pressure head )(cm , ),( tzs
 
– is the 

sink term representing the net outflow of water by 

crop root uptake )min,,( 133 cmcm , for soil 

depth deeper than the crop roots were calculated 

independently, using Rockstrom approach. 

The boundary condition at the bottom of 

modeled soil lager )=( lz  are as follows:  

 

0),(=),( tttl l  

 

0),(=|)]()([ = 



ttqk
z

k llz  

 

00,=| = 



t
z

lz


 

 

where )(tql  is the bottom flux of modeled soil 

column, the positive flux represents the capillary 

flow intensity upward at the bottom of modeled soil 

column, while the negative flux represent the 

percolation intensity. Evaporation and transpiration 

are necessary for determining the upper boundary 

condition and root-water uptake. 
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Table 1 

List of parameter values used in the modified model of soil hydraulic properties 

Parameters Symbol Mean Min Max

Saturated hydraulic 

conductivity  

k 0,18 0,15 0,21

Residual water content  
1  0,001 0,001 0,001 

Saturated water content
2  0,43 0,42 0,44

 

Equation (3.1) was solved by means of the 

implicit, finite difference scheme with explicit 

linearization (adopted Van Dam-Feddes 

method)(see [4]). 

This is impact of irrigation scheme on water 

balance. It was shown that simulated components 

of water balance can vary moderately depending 

on the irrigation quota and times, resulting in the 

irrigation scheme applied in simulation results. 

4.  Change of moisture in the soil. Change of 

moisture in the soil under the influence of due to 

absorption from the surface of soil of precipitation 

and evaporation having the form as following 

equation  

 

,.)(=
2

1 QDQQ
QL

Hk

dt

dQ B 






  (4.1) 

 

where Q – quantity of evaporation of moisture in 

moment time t , 
BH – moisture reserve in soil 

under the lowest moisture capacity, 
1  – the 

complex parameter, which characterizing of 

evaporation rate,
21= HHH B  , Q  

– the 

equilibrium evaporation rate in the dried layer at 

t , D  – parameter which characterizing the 

rate of absorption of irrigation water and 

precipitation, k  coefficient of filtration 
dt

dQ
= , 

hQ = . If we solve this equation, then get  

 

.
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2
1(

0

0
t

L

DBHk
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e
Q

QQ

Q
Q
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

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 (4.2) 

From (4.2) we obtain  

 

),(1=
2

1

L

Hk

D
QQ

B

cm 


 

where 
cmQ -the stationary moisture content in soil 

at t . 

This is general solution of equation (4.1). For 

finding the special solution our need initial and 

boundary conditions. For example, parameters. 

cmB QQDH ,, 01   – can be define at 

convergence initial dates to reduction of moisture 

reserves. 

By virtue to (4.2), we can be forecaster 

changes in moisture reserves. For this is using 

(4.2) and define date of irrigation appointment. 

From (4.2) we obtain this date  

 

,
)(

)(
ln

1
=

2

1 cmkH

cmHk

B QQQ

QQQ

D
L

Hk
t








    (4.3) 

 

where 
HQ  

– initial value of drying the soil after 

irrigation )(mm ; 
kQ  

– the final amount of soil 

drying is the limit at which water is applied (i.d. 

irrigation) )(mm . 

Thus, in practical relation the most rational is 

such a regime of periodic irrigation, at which 

irrigation is assigned, when the degree of 

desiccation of the soil reaches 
cmk QQ 0.7= . The 

quantity of the irrigation norm should be provide a 

residual moisture deficit in the soil after irrigation, 

cmH QQ = , where   – is some constant. We 

substitute these values 
HQ  and 

kQ  to (4.3), then 

we obtain duration of the inter-irrigation period  

.
1,25

=
2

1 D
L

Hk
t

B 

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Table 2  

Change of moisture in the soil 

Parameters Symbol  Value  

First case   

Length   L   800  

Higher first   
1H    0,2  

Higher second   
2H    0,5  

Quantity evaporation  Q  1000 
3m   

K – coefficient filtration  k  0,5  

Velosity    4m/sec  

Time  t  33 min  

Second case   

Length  L  600  

Higher first   
1H    0,1 1  

Higher second   
2H    0,3  

Quantity evaporation   Q   800 
3m   

K – coefficient filtration  k  0,5  

Velosity    3 m/sec  

Time   t   33 min  

 

Conclusion. We find optimal quantity of 

water for irrigation. Results demonstrate effects of 

water availability and irrigation technology 

decisions. Economic benefits can be compared to 

costs of operational charges, probability of 

hydrologic events and programs to increase supply 

reliability for agricultural areas. In practical 

relation the most rational in such a regime of 

periodic irrigation, quantity and speed irrigation 

following. Due to the prevention of surface runoff 

and the economical flow of water. 
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