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1- Cornell University

3- Training Data

5- Correlation Coefficient
7- Mean Absolute Error

2- Evolutionary Algorithms
4- Testing Data
6- Mean Squared Error
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Table 2- Results of correlation coefficient andsignificance (P-value) of independent variables with dependent variable

TC

TCr

TCp

P-value R? P-value R? P-value R? P-value R? Ay
0.000 ** 0.400 0.158™  0.142  0.000 ** 0.550 0.002™  0.301 A
0.035 * -0.211 0.790™  -0.027  0.054™ -0.193  0.002**  .0.304 P/A (1/m)
0.262"™ 0.113 0.706™  0.038  0.001** 0.330 0.743™  -0.033 NpL
0.097 ™ 0.167 0.243™  0.118 0.000 == 0.452 0.220™  -0.124 Dsr (M)
0.001 == 0.336 0.003 **  0.294 0.586"™ 0.055 0.010* 0.257 AHsr (M)
0.766 "™ -0.030 0.563™  0.059 0.679™ -0.042 0.184™  -0.134 Qr (L/S)
0.356" 0.093 0.887™  0.014 0.312™ -0.102 0.009**  0.261 Nro (hour)
0.001 ** 0.322 0.000 **  0.355 0.543™ -0.062 0.039*  0.207 Sk (M)
0.011* 0.252 0.012*  0.251 0.328™ -0.099 0.016*  0.240 Sp (M)
0.000 ** 0.368 0.005* 0282  0.753™ 0.032 0.000 **  .0.409  ETp (mm/day)
0.783" -0.028 0.957™  -0.005  0.885™ 0.015 0.519™  -0.065 Fsp (mmvhr)
0.962" -0.005 0.912™  0.011 0.649™ -0.046 0.976™  0.003 AW (mm/m)
0.000 ** -0.454 0.000 ** 0478  0.244™ 0.118 0.000 **  .0.350 Wa (%)
0.744" 0.033 0.913™  0.011 0.227™ 0.122 0.786™  -0.028 Qe (Lit/s)
0.510™ 0.067 0.141™  -0.148  0.000 ** 0.631 0.626™  -0.049 Ne (n)
0.828" 0.022 0.458™  -0.075  0.914™ -0.011 0.075™  0.179 T (h)
0.173™ 0.137 0.732™  0.035 0.000 == 0.358 0.937™  0.008 NiT (n)
0.020 * 0.232 0.388™  0.087 0.088"™ 0.172 0.007 **  (.269 Arr (ha)
0.191" 0.132 0.657™  0.045  0.000** 0.520 0.183™  -0.134 Niu (n)
0.250"™ 0.116 0.905™  -0.012  0.783™ -0.028  0.002*  0.304 Aw (ha)
0.217"™ 0.124 0.043*  0.202 0.884™ -0.015 0.756™  -0.031 F (day)
0.450" 0.076 0.542™  0.062  0.009 0.259 0.296™  -0.106 Nius (n)
0.409™ 0.083 0.139"™  -0.149  0.000 ** 0.638 0.881"™  -0.015 Lismm (M)
0.362" 0.092 0.228™  0.122 0.392" -0.086 0.457™  0.075 Lazmm (M)
0.007 == 0.266 0.001** 0335 0.293"™ -0.106 0.156™  0.143 Laomm (M)
0.299" 0.105 0.198™  0.130 0.458"™ 0.075 0.831™  -0.022 Lsomm (M)
0.279" 0.109 0.706™  -0.038  0.000 ** 0.362 0.564™  0.058 Lesmm (M)
0.471™ -0.073 0.040*  -0205  0.001 ** 0.328 0.521™  -0.065 L7smm (M)
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Table 2- Results of correlation coefficient and significance (P-value) of independent variables with dependent

variable

TCt TC, TCk TCp ol
P-value R? P-value R? P-value R? P-value R? ’
0.029 * 0.218 0.173™  0.137  0.000 ** 0.464 0.643™  -0.047 Loomm (M)
0.349™ -0.095 0.448™  -0.077  0.057™ 0.191 0.024*  .0.226 L1tomm (M)
0.347™ -0.095 0.678™  -0.042  0.083™ 0.174 0.006 **  .0.271 Lizsmm (M)
0.335"™ -0.097 -0f¥™ .0058  0.368™ 0.091 0.055™  -0.192 Lisomm (M)
0.313™ 0.247 0.013* 0247  0.607™ 0.052 0.202™  0.129 Lzoomm (M)
0.083" -0.174 0.093™  -0.169  0.388™ -0.087 0.516™  -0.066 Wo
0.004 == 0.287 0.834™  0.021 0.950™ 0.006 0.000 **  0.618 Qs (Ifs)
0.000 == 0.428 0.125™  0.154 0.597™ -0.054 0.000 **  0.766 Pp (kw)
0.000 ** 0.429 0.007 **  0.269 0.090™ -0.171  0.000**  0.666 He (M)
0.029 * 0.218 0.573™  0.057 0.088" 0.171 0.004 **  0.287 Dre (M)
0.027 = 0.222 0.008 **  0.264 0.961™ -0.005 0.402™  0.085 S (%)
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Table 3- Results of economic modeling of different parts of the cost of drip irrigation system

bl yielyb ;
ol Cawd a b Jow § .
Evaluation criteria ° “" 2 sl & ST ]
MSE MAE R Obtained models Complexity Part

TCp = a+ b*(L32mm (m)) + c*sqrt((PP (kw))) -

19372¢15 27236333  0.449 (WA 06) - esonc. (OPE () 22 45
200348¢15 28931346 0319  C°- da*:q?:((([;EE(lfvT)))))TS:g\/Lv?f?g /:"))(m)) * 21 3 é _
19685015 30538769 0318 |C° - atDi(PP (kw))(;)s;("?’zmm (M) - d*(WA 13 i é 8';,
o~ S8 O
255872¢15 35522290  0.328 TCp = a+ b*(PP (kw)) - (WA (%)) 9 i g g
15204915 30878553 0376 TCp = a+ b*(PP (kw)) - (WA (%)) 7 L83
35720415 45579020  0.200 TCp = a+ b*(PP (kw)) 5 g 28
149747e15 25765097 0124 TCh=a+b*A 3 & %
115856015 27236333 O TCr=a 1 Rl
72794914 21198257 0.848  TCr=a+ A+ b*(DSF (m)) + c*A*(L16mm (m)) 13 =
7.68050e14 21442189 0849  TCr=a-+ b*(DSF (m)) + c*A*(L16mm (m)) 11 T &
72079814 22797586  0.837 TCr = a+ b*A*(L16mm (m)) 7 28
102543¢15 26529631  0.764 TCr = a + b*(NE () 5 4 f e
1970915 31709534  0.764 TCr = a*(NE () 3 3 %
=
24518e15 41982187 0O TCr=a 1 8
650202615 44255402 0494 1C'- ?m;)bi(gf(%ﬁr?nfgg)_ ;Q’;‘?J ((n&ﬁ/)g;%)szmm 21 4 g _
62009415 51403144 0529 ' 2F b*(é‘r:)(;”_'rg*((rg)T)PJ'(gr;? d2§;/ S))*(-32mm 15 i g i';.)/
36007el5 45483996 0.770 TCi=a+ b*(F (day))*(L40mm (m)) - (WA (%)) 11 % BE
7.62029e15 53750421 0.335 TC) = a+ b*(SR (m)) - c*(ETP (mm/day)) 9 _,_? j 22
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84892715 66118323 0 TCi=a 1 K g "
0.72272¢15 77240845 0.743 TCT;é;ii;i?:ga;)j(gﬁ?dzagy%?:((é[:(sgvg';“ /¥ 15
20869916 92920371 (0261 | CT- 19643005 + atA + 1822153%(SR (m))*(F 13 —~
(day))*(Qs (kw)) )
213285616 95185010 0.262  TCr=a*A + b*(SR (m))*(F (day))*(Qs (kw)) 11 4 &
2.2685¢16 85286845 0.266  TCr=a*A +4751646%(SR (m))*(Qs (kw)) 9 Y g
183116016 91328778  0.245 TCr = a+ b*(SR (M))*(PP (kw)) 7 S
235725¢16 96087925  0.207 TCr=a*A 3
178791e16 96766160 0 TCr=a 1
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Figure 1- Important variables in modeling and their repetition
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Figure 2- Relationship between model complexity and cost estimation error
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Extended Abstract

Introduction

Allocating of budget to implement pressurized irrigation projects to save water, energy and
increase food security has been one of the government's goals in recent decades and is
considered as the ideal project of the country. For this reason, it is essential to be aware of the
costs. Therefore, estimating the initial and final cost of the project, especially irrigation systems,
is one of the project management tools that allow project managers to make more accurate
decisions at different stages. Finding a model to identify the important factors affecting the final
cost of an irrigation system, as well as formulating it for use throughout the country and regions
with different characteristics, is what the present study seeks.

Methodology

The aim of this study was to estimate the cost of drip irrigation projects in the early stages of
design using genetic programming technique, using data from 100 drip irrigation projects, in
four sections including; cost of pumping station and central control system (TCp), cost of on-
farm equipment (TCg), cost of installation and performing on-farm and pumping station (TC))
and total cost (TCy). First, a database containing 39 important and influential variables on the
cost of the mentioned sections was prepared and the prices of the projects were updated for the
base year of 2019. In the next step, the most important features that had the highest impact on
the costs were selected using Eurega Formulize software and using genetic programming. In the
last stage, different models were presented in each section to estimate the cost and the best
model in each section was introduced based on the statistics of accuracy and complexity.

Results and Discussion

The results of correlation analysis between independent variables and dependent variable (cost
of each section) show that in TCp section Pp variable (pump power required), in TCr section
Lismm Variable (total lateral length), in TC; section Sg variable (plant row spacing) and in the
TCT section, the He variable (pumping height), they had the highest correlation coefficient (R)
of 0.77, 0.64, 0.36 and 0.43, respectively, and were significant at the 1% confidence level. Also,
the results of cost modeling for drip irrigation system showed that in the TCp section, a model
with an evaluation criterion of R equal to 0.449, MAE (average absolute error value) equal to
27236333 Rials and complexity of 22 was the best model. These evaluation criteria for the best
model in the TCr section were equal to 0.848, 21198257 Rials and 13, in the TC, section equal
to 0.770, 45483996 Rials and 11, and in the TCt section these criteria were obtained 0.743,
77220845 Rials and 15, respectively.

Conclusions

In this study, the cost estimation of different parts of the drip irrigation system was modeled
using genetic programming algorithm, and the obtained results showed that the presented models
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had excellent accuracies in each part. Also, the results of this study indicate the appropriate
accuracy and acceptable estimate of Eurega software for modeling the cost of pressurized
irrigation system. The results of this study can be a very useful tool for researchers, managers,
students, consultants, contractors and those who are concerned in the water industry. By
conducting similar research, it is possible to make an economic estimate with a high accuracy
before the implementation stage.
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