[ Downloaded from jircsa.ir on 2026-07-09 ]

[ DOR: 20.1001.1.24235970.1403.12.2.8.3 ]

Iranian'Journal of/Rainwater;

e
.’ -

Optimizing rainwater extraction methods using the improved ant system-based
clustering algorithm (Case study: Markazi province)

Mostafa Yousefirad“1®, Farbod Setoudeh?®
1. Associate Professor, Geology Department Faculty of Earth Sciences Engineering, Arak University of
Technology, Arak, Iran, Email: m.yousefirad@arakut.ac.ir
2. Assistant Professor, Electrical Engineering Department, Faculty of Electrical Engineering, Arak University of
Technology, Arak, Iran, Email: f.setoudeh@arakut.ac.ir

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Avrticle history

Received: 01 October 2023
Revised: 10 January 2024
Accepted: 14 January 2024
Published online: 3 September 2024

Keywords:

Cost function, prioritization,
rainwater collection, water
catchment surfaces

The existence of quantitative and qualitative limitations of water resources
on the one hand and the occurrence of damages and losses caused by surface
runoff and seasonal floods on the other hand have necessitated the use of
water resources extracted from appropriate seasonal rains. The present study
was conducted to choose the best methods of collecting and rainwater
harvesting in the cities of Markazi Province. For this purpose, at first, a
questionnaire was prepared to identify the main evaluation criteria of the
existing methods and it was provided to managers, experts, and specialists
familiar with the field of management and rainwater collection methods.
Then the weather information was identified in each region of the province.
Finally, all available methods were reviewed and classified into three main
groups. Finally, based on the method of the meta-invention algorithm of the
ants, optimization of suitable places and applicable methods was carried out
at the province level. Based on the findings of this study, there are 4 main
groups of appropriate criteria for evaluating rainwater collection methods.
Also, the most important factors in choosing the right place and method of
rainwater collection include the amount of rainfall, maximum rainfall in 24
hours, and rainy days with 10 mm of rainfall. According to the 4 criteria,
some regions of the province including Ashtian, Shazand, Tafarsh, and Arak
cities have more priority for the implementation of this project than other
cities. Finally, the meta-heuristic evaluation of rainwater collection methods
shows that the best method in terms of the 4 criteria and on the other hand
the weather conditions of Markazi Province, the methods of using the roof
surface of residential, commercial, greenhouse, and other sites as well as It
is the use of methods to improve water catchment surfaces that can have the
highest water efficiency with the lowest cost.
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EXTENDED ABSTRACT

Introduction: The systems of rain catchment surfaces play an effective role in storing precipitation. However,
creating it in some areas requires special credit and expertise and in some cases, there are areas where runoff is
easily stored in natural or artificial catchment levels. Its optimal use requires the implementation of some technical
instructions. In terms of special weather conditions and geographical distribution of its settlements, Markazi
province needs to use rainwater collection methods. The existence of quantitative and qualitative limitations of
the province's water resources on the one hand, and the occurrence of damages and losses caused by surface runoff
and seasonal hub floods, on the other hand, have made the use of water resources extracted from suitable seasonal
rains unavoidable. The present plan has been implemented to identify susceptible urban and rural areas in the
provinces of the province and then evaluate the methods used to choose the optimal method for collecting
rainwater and considering economic, social, technical, and environmental aspects.

Methodology: To carry out this study, after conducting preliminary studies and becoming familiar with the
current basics available in specialized texts, a specialized questionnaire was prepared and available to identify the
main and suitable criteria for optimizing the existing methods and to identify and evaluate the appropriate criteria
for selecting methods. Managers, experts, and specialists familiar with the field of rainwater management and
rainwater collection methods were placed. Then, the weather information of the province, especially criteria such
as the amount of rainfall, the maximum rainfall in 24 hr, and the number of days with rainfall of more than 10
mm in each region of the province were identified. Finally, all the methods available in the world were reviewed
and classified into three main groups. Finally, based on the algorithm of the ant colony system, optimization of
suitable places and applicable methods was done at the province level.

Results and Discussion: Based on the climate characteristics of different cities of the Markazi province and the
four assessment criteria of rainwater collection methods, the priority of each city in the province can be determined
for the implementation of one of the catchment levels. The result of this study is shown in Tables 1 and 2.

Table 1- Spatial prioritization of the cities of the province to implement the rainwater collection system based on the month

Esfand Bahman Dey Azar Aban Mehr Month
Shazand Arak Shazand Shazand Shazand Ashtian Priority
Shahrivar Mordad Tir Khordad Ordibehesht Farvardin Month

Ashtian Ashtain Ashtain Tafresh Ashtain Tafresh Priority

Table 2- Spatial prioritization of the cities of the province to implement the rainwater collection system based on the season
Summer Spring Winther Autumn Season
Shazand Tafresh Shazand Shazand Priority
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Conclusion: This research can be briefly concluded as follows:

e  There are four main groups of appropriate criteria for evaluating rainwater collection methods.

e The most important factors in choosing the right place and method of rainwater collection include the
amount of rainfall, maximum rainfall in 24 hr, and rainy days with 10 mm of rainfall.

e According to the four criteria, some regions of the province including Ashtian, Shazand, Tafarsh, and
Avrak cities have more priority for the implementation of this project than other cities.

e The ISAC evaluation of rainwater collection methods shows that the best method in terms of the four
criteria and on the other hand the weather conditions of Markazi province, the methods of using the roof
surface of residential, commercial, greenhouse, and other sites as well as It is the use of methods to
improve water catchment surfaces that can have the highest water efficiency with the lowest cost.
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Figure 1- Geographical location of Markazi province in Iran
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Figure 3- Cumulative graph of rainfall of Markazi province stations
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Figure 4- The percentage of the first and second maximum 24-hour rainfall compared to the crop year rainfall in the
statistical period
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Table 2- rainwater harvesting methods
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Table 3- Evaluation criteria of rainwater harvesting methods
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Figure 5- The result of weighting the evaluation criteria of rooftop methods to rainwater harvesting
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Figure 6- The result of weighting the evaluation criteria of inner city methods to rainwater harvesting
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Figure 7 - The result of weighting the evaluation criteria of the methods of improving catchment surfaces to
rainwater harvesting
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Figure 8- Clustering of three main methods Rainwater Harvesting Based on improved ant colony algorithm

ol g oo aAdes o pie SS& Sl Wbl FSoP G de 4 Mleale ouuwliel cops dx e A SG 3D
Conlaadgs S g Camsly line 5l (6390 @By 13 Cupd ol yino Syl 003 (6o 3,5des a5 3590 g,y 4 Canl el
2 ades 90 ades ple ey bla 1 s salddlais alold 5 bla plo jl laiie sdbaleds alold jles 95 (wlal p o s oyl
oalaiwl ool gy dw lee 3l 55 A USG50 sl awlin g Cauwyd S d U codldalads jo dy 0Ab00ld Carnnd diigd oS dad o i &
ol 00l polaidl 368 a1y o p e (565 R 0900 Slabey el st 2ol 5 s pd 1900 Slatg) plicudy ]
ol (SeSume (slalas ) phcudy oy il edlaiwl cuenl )54l Parandin et al. (2019) adllas silos dwslis
anlgs 43S PSS o bg) 5 et i) 90 ol S Sl Gl el a0l 58 5l eyt 3 8kes ey o il O
2 ¥ sz 2 ol 5 U8 48 ol M o8 jobolon .l 005 odlisial (890 4l dgut w9 2 (siee (sA4B5S g | O,
ol Cagdgl 31 s ted (193 (Slapiuans Sl o3lisl g e ke b pod bg) b ity el gy e 1Sl 3l
plxl (61380 ke b (olwl ol il 0 aidls yy osilo 8L b9y 93 10 dgg0 (sl yogy byl & Baizs pl dell 3w z) b dalllas

el 01 LI (B9 93 cul )3 S92 90 AN (lahgy (b)) & S (K yge ) SIE iy gS gy elel 2 9 ¥ Jg 3 003

olst ol Jlasuw! cusbio W gy 551350, —F Jgun
Table 4- Numbering of suitable methods of Rainwater Harvesting
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Figure 9- Clustering of rooftop and soil modification methods for Rainwater Harvesting based on IASC
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Table 5- The number of surveyed cities
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Table 6- Prioritizing the cities of the province by month
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Table 7- Spatial prioritization of the cities of the province to implement the Rainwater Harvesting system based on
the month
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Table 8- Spatial prioritization of the cities of the province to implement the Rainwater Harvesting system based on

the season
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