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ABSTRACT 
 
In SWDC model after determining equations related to the irrigation efficiency, by using hierarchical 

analysis, the necessary coefficients for goal function containing all irrigation efficiencies were calculated. All 
the equations obtained for the irrigation efficiencies are a function of input discharge. Therefore, by using 
genetic algorithm, the amount of optimal input discharge was calculated to achieve goal function (maximum 
total efficiency). Finally, the results were compared with WinSRFR model. Providing some graphs in WinSRFR 
model, the optimum combinations of length and width of the system or discharge and cutoff time could be 
selected in order to achieve full irrigation. While performing sensitivity analysis (based on under the control 
parameters in irrigation surface and efficiency coefficients) was effective in achieving better scenarios. 
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Introduction 

 
SRFR model [12], is a design tool for sloping, 

open-ended border strip systems BORDER [11], and 
is a design tool for level basin systems BASIN [3]. 
WinSRFR is an integrated software package for 
analyzing surface irrigation systems [1]. Bautista et 
al. [2] began to overview WinSRFR model and 
discuss the key elements in an article. Mateos and 
Oyonarte [8] assuming compliance the shape of the 
soil water distribution curve from normal 
distribution, analyzed changes in irrigation 
efficiencies in three periods of irrigation. Singh and 
Fang [10] assuming compliance the shape of 
distribution curve of water in the soil from a 
quadratic equation simulated a full period irrigation 
in strips with a closed end and by a volume balance 
model. Ito et al. [6] also obtained optimized farm 
dimensions for the design of irrigation furrow 
systems. Hume [5] was able to determine infiltration 
parameters in strip irrigation system, by a field data 
collection and assuming compliance the amount of 
stored water in the soil, from a linear regression 
equation and using mass balance model. 
Montesionos et al. [9] by optimizing discharge 
compounds, the cutoff time and irrigation duration, 
using genetic algorithm, were able to present 
seasonal furrow irrigation with vision economic. 
Valipour and Montazar [13] evaluated SWDC and 
WinSRFR models to optimize of infiltration 
parameters in furrow irrigation. 

In this paper by using sensitive analysis, 
accuracy of optimized infiltration parameters in 
SWDC model has been investigated. 

 
Materials And Methods 

 
In this study, two SWDC and WinSRFR models 

are used to compare and investigate sensitive 
analysis obtained parameters. 

 
WinSRFR model: 
 

Optimization of infiltration parameters is done in 
WinSRFR model in two distinct parts known as 
operations analysis world and design world. The 
former is used to analyze the performance tradeoffs 
among different combinations of flow rate and cutoff 
time for a system of known dimensions, slope, and 
soil characteristics [2]. The latter is used to optimize 
the physical dimensions (length and width) of an 
irrigation system for given inputs. [2]. The design 
world also allows the user to analyze the tradeoffs 
between different field-length and inflow 
combinations, with holding the width of system 
constant [2]. Operational and design 
recommendations can then be fine-tuned to assure 
reasonable levels of performance under the expected 
range of field conditions [2]. 
 
SWDC model: 
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According to Lewis and Milne [7], Elliot and 
Walker [4], and Valipour and Montazar [13]: 

 

   (1) 

 
Where, Z (m3/m) as the functions from distance 

advance x (m), k (m3/m.sa), a, f0 (m3/m.s), are the 
infiltration coefficients from the equation of 
modified Kostiakov-Lewis, r and p are the 
coefficients of advance equation, tfinal (s) is the time 
in which cumulative infiltration curve of water into 
the soil almost changes from the exponential to linear 
mode.  

Now, by using from equation (1) for all 
irrigation efficiencies [13], we have: 
 

1− + 1− + 1−           (2) 
 
Where, DU is the distribution uniformity, Ea is 

the application efficiency, DPR is the deep 
percolation ratio, TWR is runoff ratio, DR is the 
deficit ratio. To determine the coefficients of 
equation (2) we use the hierarchical analysis. All 
calculations related to the hierarchical analysis was 
conducted by the Expert Choice software and 
coefficients of obtained are presented in Table 1 [13].

 
Table 1: Obtained coefficients from the analysis of hierarchical by the Expert Choice software 

Coefficient Alpha Beta Epsilon Theta Mu 
Content 0.216 0.426 0.110 0.056 0.162 

 
In equation (2), all of irrigation efficiencies are 

functions of a and k. Thus, considering that a and k 
are functions of input discharge, it can be concluded 
that for optimum input discharge, the maximum 
efficiency (goal function) can be achieved [13]. 
Because of the complexity and great size of 
mentioned equations, answer to equation (2) is not 
achievable using mathematics conventional methods. 

For this purpose, by using programming in 
MATLAB software environment and in the form of 
genetic algorithm, the optimum input discharge and 
thus maximum efficiency is obtained [13]. To 
compare results of two SWDC and WinSRFR 
models, one example presented in WinSRFR model 
is used. This data is actually as Benson’s farm data. 
Table 2 show input values.

 
e 2: Input values 

Input 
Data 

x1 
(m) 

x2 
(m) 

t1 
(min) 

t2 
(min) 

f0 
(m3/min.m) 

L 
(m) 

W 
(m) Sy 

n 
(m1/6) 

S0 
(m/m) 

Zreq 
(mm) 

Content 325 625 177.6 512.5 0.00002584 625 1.52 0.76 0.02 0.0044 50 
 

Results And Discussion 
 
Table 3 shows the results [13]. Since the goal of 

WinSRFR model is to achieve full irrigation status, 
when a position other than full irrigation is 
maintained, the WinSRFR model is not able to 
calculate the DR and thus total efficiency. Therefore, 
in Tables 3, question mark is given in some 
scenarios, which it has no effect on the comparison 
of results and merely means lack of full irrigation 
status in that scenario [13]. 

In this paper, in addition to efficiency 
coefficients, four parameters, length and width of 
system, the cutoff time and the input discharge, could 

be named as the effective parameters in determining 
irrigation efficiencies, and ultimately total efficiency. 
Therefore, the accuracy of properly chosen 
parameters in the best scenario is checked by five 
levels of sensitivity analysis. Since by change in each 
parameter in SWDC model, optimized input 
discharge also change, so in all the tables of this 
section, the amount of new optimized input discharge 
for change in any of the parameters has been 
recorded. The values of selected scenario in results 
and discussion section (highlighted scenario in Table 
3), is considered as the axis of sensitivity analysis. 
As it is shown in Table 4, the amount of changes in 
optimized input discharge for to reduce the length of 
furrow is insignificant. 

 
Table 3: The results 

Scenario Qin 
(l/s) 

tc 
(min) 

DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

1-WinSRFR(Operations) 1.12 610 61.0 94.5 0.0 5.5 ? ? 
2-Current Research 1.12 610 49.4 90.1 0.0 9.8 22.2 77.1 
3-WinSRFR(Design) 0.90 1350 77.4 65.3 19.1 15.6 0.0 74.3 
4-WinSRFR(Operations) 0.90 1350 77.4 65.3 19.1 15.6 0.0 74.3 
5-Current Research 1.27 610 49.8 90.0 0.0 9.5 12.0 78.9 
6-WinSRFR(Operations) 1.27 610 60.9 91.7 2.7 5.5 ? ? 
7-WinSRFR(Design) 1.12 1138 83.1 62.3 12.7 25.1 0.0 74.4 
8-WinSRFR(Operations) 1.12 1138 83.1 62.3 12.7 25.0 0.0 74.4 
9-Current Research 1.12 1138 77.6 62.2 11.4 26.2 0.0 72.5 
10-Current Research 0.88 1138 76.4 74.3 0.0 25.4 5.9 77.2 
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Table 4: Results related to conducted sensitivity analysis about the length of furrow 
L 
(m) 

Qin 
(l/s) 

DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

62.5 1.2349 99.2 10.5 0.0 89.4 0.0 48.8 
69.4 1.2356 99.0 11.6 0.0 88.3 0.0 49.4 
78.1 1.2364 98.8 13.1 0.0 86.8 0.0 50.1 
89.3 1.2375 98.6 14.9 0.0 84.9 0.0 51.1 
104.2 1.2387 98.2 17.4 0.0 82.5 0.0 52.3 
125.0 1.2404 97.5 20.8 0.0 79.0 0.0 54.0 
156.3 1.2427 96.5 25.9 0.0 73.8 0.0 56.5 
208.3 1.246 94.3 34.3 0.0 65.4 0.0 60.4 
312.5 1.2515 88.5 50.6 0.0 49.1 2.3 67.6 
625.0 1.2677 49.8 90.0 0.0 9.5 12.0 78.9 

 
When, the length of furrow is divided into two 

sections, under irrigation status still dominates. But 
when the length of furrow it comes to one third, one 
fourth, one fifth to one tenth of the farm length (625 
meters), DU increases and under irrigation will 
disappears. In addition, there are no still deep 
percolation losses, but TWR greatly increases and Ea 

greatly reduces and thus full irrigation status is 
established to the best way (no losses related to 
infiltration deep). Thus reducing the length of furrow 
is recommended in the case of using drainage water 
(low coefficients of beta and epsilon). In Figure 1, 
for half the length of furrow, Ea reduces and DU and 
TWR increase sharply. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Sensitivity analysis for the length of furrow 
 
In Figure 1, there are no deep percolation losses 

for all lengths of furrow, but this does not mean the 
independence of DPR from the length of furrow. 
Because by each change in the length of furrow, 
SWDC model offers a new optimized input discharge 
that for the new optimized input discharge, deep 
percolation losses are zero, so it can be said that in 
SWDC model, changes of deep percolation is 
independent from changes of length of furrow. In 
other words, the SWDC model prevents from 
increase in DPR for reduction in length of furrow by 

reducing the optimized discharge. In Figure 1, where 
the length of furrow is equal to the length of farm, 
application efficiency is considered as the highest 
efficiency. However, more reduction in the length of 
furrow, the values of distribution uniformity and 
runoff efficiencies are greater than application 
efficiency. Since the beta coefficient is greater than 
alpha and epsilon coefficients, thus reducing the 
length of total furrow reduce total efficiency and it is 
not recommended. Table 5 shows the results related 
to sensitivity analysis about the width of furrow.
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Table 5: Results related to conducted sensitivity analysis about the width of furrow 
W 
(m) 

Qin 
(l/s) 

DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

0.3 0.3500 47.0 72.6 23.5 3.7 0.0 72.0 
0.6 0.4843 48.0 92.4 0.0 7.2 12.6 79.6 
0.9 0.7411 49.1 90.9 0.0 8.6 12.2 79.2 
1.2 0.9962 49.5 90.4 0.0 9.1 12.0 79.0 
1.5 1.2677 49.8 90.0 0.0 9.5 12.0 78.9 
1.8 1.5051 49.9 89.9 0.0 9.6 11.9 78.8 
2.1 1.7593 50.0 89.7 0.0 9.8 11.9 78.8 
2.4 2.0135 50.1 89.6 0.0 9.9 11.8 78.7 
2.7 2.2676 50.1 89.5 0.0 9.9 11.8 78.7 
3.0 2.5217 50.2 89.5 0.0 10.0 11.8 78.7 

 
In Figure 2, although the amount of irrigation 

efficiency (due to the increasing optimized 
discharge) appears to be almost independent of the 

changes in width of furrow, the maximum total 
efficiency is obtained for a width of furrow equal to 
6.0 meter. 

 
 

 
 
Fig. 2: Sensitivity analysis for the width of furrow 

 
Thus, optimized discharge 0.48 liters per second 

is introduced as the new optimized input discharge 
with width of furrow equal to 0.6 m, due to more 
total efficiency (79.6%). Also for furrows with width 
of 0.6 meters and more, under irrigation status is 
established. In Figure 2, the curve related to 
application efficiency is above the other curves, 
which it plays significant roles in surmounting total 
efficiency curve (because the beta coefficient is 
higher than the other efficiency coefficients). Table 6 
shows results related to sensitivity analysis about the 
cutoff time. In Figure 3, since at times of less than 9 

hours water unlikely to reach the end of furrow, this 
time is considered as the minimum cutoff. 

With an increase of 610 minutes in tc which is 
actual cutoff time and also introduced as the best 
scenario in results and discussion section, DU will 
increase significantly. However, the best value for tc 
is equal to 12 hours, which for it the maximum total 
efficiency is obtained. At all times listed in the 
cutoff, under irrigation status is established. Figure 3 
shows that total efficiency curve is higher than other 
curves. Table 7 shows results related to sensitivity 
analysis about input discharge.

 
Table 6: Results related to conducted sensitivity analysis about the cutoff time 

tc 
(min) 

Qin 
(l/s) 

DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

540 1.3501 32.8 91.4 0.0 8.1 15.7 75.3 
610 1.2677 49.8 90.0 0.0 9.5 12.0 78.9 
660 1.2161 56.1 88.2 0.0 11.3 10.5 79.5 
720 1.1601 61.3 85.9 0.0 13.7 9.3 79.6 
780 1.1096 65.1 83.7 0.0 15.9 8.4 79.4 
840 1.0636 68.0 81.7 0.0 17.9 7.7 79.0 
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900 1.0213 70.4 79.8 0.0 19.8 7.2 78.6 
960 0.9821 72.3 78.2 0.0 21.4 6.8 78.2 
1020 0.9455 73.9 76.7 0.0 22.9 6.4 77.8 
1080 0.9113 75.3 75.4 0.0 24.3 6.1 77.5 

 

 
Fig. 3: Sensitivity analysis for the cutoff time 

 
Table 7: Results related to conducted sensitivity analysis about the input discharge 

Qin 
(l/s) 

DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

0.3500 41.7 87.6 0.0 12.3 76.3 65.4 
0.5000 45.1 87.9 0.0 12.0 66.1 68.0 
0.7500 47.6 88.9 0.0 11.0 48.5 71.9 
1.0000 48.9 89.8 0.0 10.1 30.7 75.5 
1.2677 49.8 90.0 0.0 9.5 12.0 78.9 
1.5000 50.3 82.4 8.5 9.0 4.6 76.5 
1.7500 50.8 73.2 18.1 8.5 1.2 72.8 
2.0000 51.2 65.0 26.6 8.2 0.0 69.2 
2.2500 51.5 58.1 33.9 7.9 0.0 66.0 
2.5000 51.7 52.1 40.1 7.6 0.0 63.2 

 
As can be seen from Table 7, for discharge of 

1.27 liters per second and discharges less than it, 
there is under irrigation status; for discharge of 1.50 
liters per second and 1.75 liters per second, there is 
deficit irrigation status; and for more discharge, there 
is first full irrigation status and then over irrigation 
status. In Figure 4, reason of selection discharge of 
1.27 liters per second as optimized discharge in 
results and discussion section is well specified. In 
this point, a change in slope of curve related to Ea, 
DR, DPR, and thus total efficiency occurs. For 
discharges less than this amount, curve related to Ea 
increases with a gentle gradient, but from this point 
onwards it reduces with a steep gradient. There are 
no deep percolation losses for discharges less than 
1.27 l/s, but for discharges more than 1.27 liters per 

second, amount of DPR increases with a steep 
gradient. The curve related to DR also decreases 
before discharge of 1.27 l/s with a very steep 
gradient, but with higher increase in discharge, it 
decreases with a gentle gradient. In total, these 
changes specify discharge of 1.27 l/s as a peak of 
total efficiency curve, and this confirms the accuracy 
of the results in section results and discussion to 
determine optimized discharge by SWDC model. 
Table 8 lists the results of the sensitivity analysis 
about efficiency coefficients. Due to the dependence 
of efficiency coefficients on each other, and in order 
to make a correct comparison between results of their 
changes, ten new scenarios are defined in this 
section.
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Fig. 4: Sensitivity analysis for the cutoff time 

 
In Figure 5, obtained results for the change in efficiency coefficients is visible. 
 

 
 
Fig. 5: Sensitivity analysis for the efficiency coefficients 

 
Table 8: Results related to conducted sensitivity analysis about the efficiency coefficients 

Scenari
o 

Alph
a Beta Thet

a 
Epsilo
n Mu Qin 

(l/s) 
DU 
(%) 

Ea 
(%) 

DPR 
(%) 

TWR 
(%) 

DR 
(%) 

Maximum Efficiency 
(%) 

1 
0.42
6 

0.21
6 

0.11
0 0.056 

0.16
2 78.762 49.9 89.0 1.6 9.3 9.9 70.5 

2 
0.21
6 

0.11
0 

0.42
6 0.056 

0.16
2 83.754 50.1 86.2 4.4 9.2 7.1 79.3 

3 
0.21
6 

0.05
6 

0.11
0 0.426 

0.16
2 75.834 49.8 90.1 0.0 9.5 12.1 82.4 

4 
0.21
6 

0.16
2 

0.11
0 0.056 

0.42
6 91.968 50.4 81.2 9.8 8.9 4.0 79.9 

5 
0.21
6 

0.42
6 

0.11
0 0.056 

0.16
2 76.062 49.8 90.0 0.0 9.5 12.0 78.9 



2580 
Adv. Environ. Biol., 6(9): 2574-2581, 2012 
 

 

6 
0.48
0 

0.48
0 

0.01
0 0.010 

0.01
0 74.364 49.7 90.4 0.0 9.5 13.6 70.0 

7 
0.32
6 

0.32
6 

0.32
6 0.010 

0.01
0 74.562 49.7 90.4 0.0 9.5 13.4 77.0 

8 
0.32
6 

0.32
6 

0.01
0 0.326 

0.01
0 74.202 49.7 90.4 0.0 9.5 13.8 80.0 

9 
0.32
6 

0.32
6 

0.01
0 0.010 

0.32
6 81.828 50.0 87.4 3.3 9.2 8.1 76.6 

10 
0.20
0 

0.20
0 

0.20
0 0.200 

0.20
0 77.274 49.8 89.6 0.0 9.4 11.0 83.6 

 
Due to minor changes in the values of DU, these 

values are not shown in Figure 5. In the first 
scenario, it is assumed that the distribution 
uniformity of water in the farm has the most 
importance. Thus, the alpha coefficient is the highest 
value and there is deficit irrigation status. In the 
second scenario, losses due to deep percolation are 
the most important efficiency, and deficit irrigation 
status is again established. In the third scenario, the 
losses due to runoff, is considered as the main 
efficiency, and there is under irrigation status too. It 
should be noted that although the theta coefficient is 
greater than other efficiency coefficients in the third 
scenario, DPR decreases and TWR increases. This 
issue that is seen in other scenarios refers to 
definition and relationship between irrigation 
efficiencies. So it is not necessary that efficiency 
with the highest coefficient reach the best value. In 
the fourth scenario, DR is more important than other 
irrigation efficiencies, and this causes irrigation 
deficiency and the most optimized discharge, 
uniform distribution and deep percolation losses, and 
minimum application efficiency, the losses runoff 
and DR, compared to other scenarios. The fifth 
scenario is the same chosen scenario in results and 
discussion section, in which application efficiency is 
more important. However, according to the points 
presented in the present section, the best scenario in 
the results and discussion section could be replaced 
by two selected scenarios (highlighted) in Tables 5 
and 6. In Table 5, width of furrow equal to 0.6 meter 
and discharge equal to 0.48 liters per second, also in 
Table 6, cutoff time equal to 720 minutes and 
discharge equal to 1.16 liters per second, due to 
greater total efficiency (79.6% compared to 78.9%), 
are two better combinations than chosen scenario in 
the results and discussion section. In sixth scenario, 
DU and Ea have most importance, and this produces 
the lowest rate for total efficiency. The obtained 
results suggest that when only the amount of DU and 
Ea are important, due to conflicting definitions of 
both efficiency (the more volume of water increases 
distribution uniformity and decreases application 
efficiency and vice versa), high performance is not 
achieved. In the seventh scenario, DU, Ea, and DPR 
and the eighth scenario, DU, Ea, and TWR are the 
most important ones, and lowest input optimized 
discharge especially due to the importance of TWR, 
is observed in the eighth scenario (74 liters per 
minute). Scenarios 5 to 8 are in under irrigation 
status. The ninth scenario shows the situation in 

which not only DU, and Ea, but also DR is important, 
and this causes the deficit irrigation status. Finally, in 
tenth scenario all irrigation efficiencies are important 
equally. In this case, despite under irrigation status, 
the highest total efficiency (83.6%) can be achieved; 
this is due to the influence of all irrigation 
efficiencies (compared to sixth scenario). Another 
notable difference between the maximum and 
minimum value in each of irrigation efficiencies, in 
all scenarios is less than 10 percent and this 
difference amount to 13.6% only in total efficiency. 
Positioning the best scenarios in results and 
discussion section and this section, in the under 
irrigation status, could be considered as a result of a 
higher beta coefficient. Nevertheless, placement of 
scenario of the same efficiency coefficients in under 
irrigation status has another reason. The behavior of 
irrigation efficiencies is different. In DU and DR, 
whatever volume of input water to the furrow 
increase (reducing the probability of exposure in the 
under irrigation status), the amount of both 
efficiencies is improved, but in Ea, DPR, and TWR, 
whatever volume of input water to furrow reduce 
(increasing the probability of exposure under 
irrigation status), the amount of these three 
efficiencies is improved. This performance of three 
to two (positioning three efficiencies of Ea, DPR, and 
TWR against two efficiencies of DU and DR) in 
equation (2)) increases the probability of positioning 
in under irrigation status. 

 
Conclussion: 

 
In this paper the abilities of two WinSRFR and 

SWDC models in the infiltration parameters 
optimization in furrow irrigation were investigated. 
However, in SWDC model, although just input 
discharge becomes optimized, other infiltration 
parameters could be optimized in furrow irrigation 
using performing sensitive analysis. In this study, by 
using sensitive analysis due to the optimization of 
other infiltration parameters in furrow irrigation, 
more total efficiency was obtained when only the 
input discharge was optimized. 

 
Abbreviations 

 
Z = As the functions from distance advance 

(m3/m) 
x = Distance (m) 
Qin = Input discharge (m3/s) 
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 = Shape factor of surface flow 
k, a, f0= Infiltration coefficients from the 

equation of modified Kostiakov-Lewis (m3/m.sa) 
W = Furrow width (m) 
r, p = Coefficients of advance equation 
n = Manning roughness coefficient (s/m1/3) 
S0 = Farm slope (m/m) 
tfinal = Final infiltration time (s) 
tc = Cutoff time (s) 
L = Length of furrow (m) 
DU = Distribution uniformity 
Ea = Application efficiency 
DPR = Deep percolation ratio 
TWR = Runoff ratio 
DR = Deficit ratio 
Zreq = Required depth (m) 

 = Coefficients of goal function 
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