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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
Arak 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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Table 1- Characteristics of meteorological stations used in this study (General Meteorology Department of Central
Province, 2023)
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Figure 2- Markazi province zoning based on annual rainfall
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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
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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
Ol e ) B Jab
S5l S 5L S5l Caglyl

Ol 3 m 35,15 ol OF Jlasial caa 1) Caglyl o ioter Jlo Jl ole Jlaz ) 3515 Gl g g olo iy 5o il slo e

M350 YL Coglgl 5l ()85 (g 25U (i ol 55 (b s Jlitm )l g pgw slacaglgl > ST g (5,85 (sla el
AoV b Jsis 35S oo 8 eVl Caglyl 5 W55 iy W g amd o Ui |y sblie ojliel gon Joi oyl 4zl a8 aizn
Ol (sl o olainge ISl ()1l 8 02y oSN by sk ke s canl £ Jgar 5l 6)S018 w2)s5l (29,5 5 Jedos ol 2
Ol )50 Bl 1 (g ks Alon (635 p0 olisl (g 5 e o (3008 (slaptis ¢ soslil 5 (ool elanl ¢ laome Oy
2l ASlen oids pbs] dalllas aio; oyl 45 LI {Wen et al., 2022; Zhang et al., 2020) w,l> )1, g0 slo,lid cod e 4
canlio Slolidl g o b O (6)yglaen slabg, (slal b &S wims oo L5 (Ortiz et al., 2022; Ali & Sang, 2022) lallae
oyl 5 5k elazl g (golatdl (gt Lo Y06l ol g (5 paed 3blie )3 (5551 5 O sl ol e sl 6550 9
5] s b a8 3> Gukat g ol 51 (Ortiz et al., 2022; Ali & Sang, 2022) cliios il b ol adllas .3gas 3531
JLib Sials ISl pogad iz <8 e S0 (g jl el o po jle i35 BB oo g Colue &y (ooladl s I plecdy g
9 uf,b)b dlm.)l.b9) J}]o JLl lmrbbw )] Ul)b ui 0)4..>.) 9 6)5160 dl).: L)Jl)JL.J .Am.)L;o uu.tblf ‘) ;419.) .)‘.{) Sow )] uT U‘Ab
Mao et al., ) >4 o ookl u.:.mLJ by e slad S ol iS4y ol oSl olaisd edlitwl gl (5l 5o ‘_’j 03D
4 5 Gnslls oty sy 4,5 5 53 5 e slauno bl 1 005 ol sty ) S bl 4zl (2022

ol gy cpl YL €8> Sl v

D5 ol g5 g @ olge 1) adlas ol mls

slagbyy b)) Car cuwlie (uwj bae 5 (eloin] (oolamdl (3 sla)bae (Lol 09,5 jka adllae ol slaaidl yolul o —)
g 48,5 a5 ) Cal i b O Jlastinl Gldllas 13 45 3,05 3939 hL O (o )glaes

ol J.a]y— CRPrke ;j &lo 059> OL@W’ o g OL»l;.JB)\S S S g panasS deliiie y 4 g u’b""’ Olalllas rab;il L =Y
gy g wsbo YF 3l Sl ()b e s ole 030 5 (alsn 5 Ol llyd L T (gyslaes hs) g canlio olSe
el (S e e Vel (5L


https://dorl.net/dor/20.1001.1.24235970.1403.12.2.8.3
http://jircsa.ir/article-1-524-fa.html

[ Downloaded from jircsair on 2024-11-19]

[ DOR: 20.1001.1.24235970.1403.12.2.8.3 ]

Y v )L S Jlassino! g by, (abaigs

Lo i e s 4y Copd STyl g (3,85 i3l ozl slag s ;o alo o il Bblo Jl (50 il oz sl jlno 4 2255 b
s wislo V¥ ()b s ogasd] (e g cuslio sla S,k g2y i 5139850 5k ool l2l sy e Codyl |l
3o ial3l o jaed 655 ol 3 1y ol e 5 b o pglaen lipl cuige (il sla i ed plo 4 S bl
sl bulpd 50> gsw 5l g A )lag slajlime jlai 5l oy it W30 0l L F glaer o) o) SlE L))
I sl eizen g lcols plo g LS ()l (oS Gblio plicuty gaw jl odlitel o gy «s3Sye ool (2lgn

A3l a3l 1y ol 033l 5t Wl A3 308 b oS sl Sl gl 2ol sla g,
Lo i e s 4y Cod STl g (3,85 i3l ozl slag o ot alo o sl Bblio Jl (50 il oz sl jlno s 2255 b

=

s 13565 0 )bl sl sl R coglgl

M1 Ol Yo

88l L5 LR 5 Jstue ol g b aslSe )b 5l Gimgd cul 50 o edlaul ol 5 laoals (L0315 4y o yiawd

sl 03905 2> o Colen (65550 il OB 5 Ol €83 g 0 plosl (ols Slados 09y B > Simgh onl i Il Calos
Slsls el dlie ) (g5 )3 Aoy Yo g Ve 5 & s Py 035t 39,8 ¢ 0y gy (lanas 115 W g5 OS5\l

lonj j dlis ol B sl ool 1ty (635 50 il S 5 O 8 s 13 & Sl 0 20l 31 (o dlio oyl 25535 wlaw

5l

ohb
AYY

S i lados sy el (6pSile it cpiered 9 lidod g dxwg Cyglee 5 Slale Luige ¢ Jole e wlie dllcioris udige LB
JJLQJL;O dl.)).).ﬁ b)a)J u;‘ dIP‘ caliseo L}‘)" » ‘_5;)0 UL"JI u%olﬁ

&l

Sosleer axis 3blie (LlSe (slabsy amalio (VYRF) (Lo gl 5 2ol 32958 ljped  (Bolo « Jadlgl )5 5]
—VEF X (oges sdibols 5 SluyeMbl clibss 4 s GIS 5 e (DSS) paowal Slusidy s oS &
doi.org/10.22111/gdij.2015.2010

URL: http:/fjircsa.ir/article-1- A=VF (V) .o,b Sl ol (sladilobs ddi yu yad 16390 adllas) (g s> )3 o)l,b

84-fa.html

adllas) GIS Lo )3 ilpe dudis Juloos 51 o0lizol b oyl o Jlasiasl dnis 3bolio i el {IVA5) . Jole ¢ sillaks

http://jircsa.ir/article-1276-fa.html $0-V5 (V)0 .o),b 5] zokaw (slodilobs o yiiw b o dblg pud ddg> 153,90
o3lizal b b 6slaen SosS claailoles (6] asbio Bolio (e (V) e daio ¢ gl yos i yan ] sansld ¢ yagn o Bolo
d0i.0rg/10.22125/agmj.2023.3 Y53V (AN ..65,5LS eolilyn ¢ yloio] sl 103,90 alllas (5 hmadics (215 o (£l Jio 5

40391.1135

References

1.

2.

Abdulla, F. A. & Al-Shareef, A.W. (2009). Roof rain-water harvesting systems for household water supply in
Jordan. Desalination, 243, 195-207. doi.org/10.1016/j.desal.2008.05.013. doi.org/10.1016/j.desal.2008.05.013
Abkhizi, Kh., Khosravi, H., Khalighi, Sh., Moghaddamnia, A., Talebiniya, M. (2020). Suitable site selection
for rainwater harvesting for drinking and agricultural purposes using Hub Coating Problem (PR Algorithm).
Iranian  Journal of Watershed Management Science and Engineering, 14(49), 83-92.
http://dorl.net/dor/20.1001.1.20089554.1402.17.61.4.8.

Akbarpour, A., Sadeghi, S., Foroghifar, H., & Shahidi, A. (2015). Comparison of Methods for Locating
Suitable Areas for Rain Water Collection by Using Decision Support System (DSS) Based on GIS.
Geography and Development, 13(39), 147-164. doi.org/10.22111/gdij.2015.2010. [In Persian].

Akter, A. and Ahmed, Sh. (2015). Potentiality of rainwater harvesting for an urban community in
Bangladesh, Journal of Hydrology, 528: 84-93. doi.org/10.1016/j.jhydrol.2015.06.017.

Alfaia, S. S., Ayres, M. I. C., Neves, A. L., Uguen, K., Miller, R. P., Fajardo, J. D. V., Bakker, A. P., &Ticona-
Benavente, C. A. (2022). Chemical features of floodplain soils under different land-uses in the Solimdes/Amazon
River basin. Revista Brasileira de Ciéncia do Solo. 46:e0220005. doi.org/10.36783/18069657rbcs20220005


http://doi.org/10.22125/agmj.2023.340391.1135
http://doi.org/10.22125/agmj.2023.340391.1135
https://doi.org/10.1016/j.desal.2008.05.013
http://dorl.net/dor/20.1001.1.20089554.1402.17.61.4.8
https://doi.org/10.22111/gdij.2015.2010
https://doi.org/10.1016/j.jhydrol.2015.06.017
https://dorl.net/dor/20.1001.1.24235970.1403.12.2.8.3
http://jircsa.ir/article-1-524-fa.html

[ Downloaded from jircsair on 2024-11-19]

[ DOR: 20.1001.1.24235970.1403.12.2.8.3 ]

(VoY O als Yoylais) oyl 550 z sl galoluw A

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ali, S., & Sang, Y. F. (2023). Implementing rainwater harvesting systems as a novel approach for saving water
and energy in flat urban areas. Sustainable Cities and Society, 89, 104304. doi.org/10.1016/j.5¢s.2022.104304.
Banai-Kashani, R. (1989). A new method for site suitability analysis: The analytic hierarchy
process. Environmental management, 13, 685-693. doi.org/10.1007/BF01868308

Bing, Z. E.N. G., Tan, H. Q., & Wu, L. J. (2007). A new approach to urban rainwater management. Journal
of China University of Mining and Technology, 17(1), 82-84. doi.org/10.1016/S1006-1266(07)60018-2.
Brempong, M. B., Amankwaa-Yeboah, P., Yeboah S., Owusu Danquah, E., Agyeman, K., Keteku, A.
K.,Addo-Danso, A., & Adomakao, J. (2023). Soil and water conservation measures to adapt cropping systems
toclimate change facilitated water stresses in Africa. Frontiers in Sustainable Food Systems, 6:1091665.
d0i:10.3389/fsufs.2022.10916

Campisano, A., & Modica, C. (2012). Optimal sizing of storage tanks for domestic rainwater harvesting in
Sicily. Resources, Conservation and Recycling, 63, 9-16. doi.org/10.1016/j.resconrec.2012.03.007.
Dorigo, M., & Di Caro, G. (1999, July). Ant colony optimization: a new meta-heuristic. Proceedings of the
1999 congress on evolutionary computation-CEC99 (Cat. No. 99TH8406) (Vol. 2, pp. 1470-1477). IEEE.
https://ieeexplore.ieee.org/abstract/document/782657

Elewa, H. H., Qaddah, A. A.,, & El-Feel, A. A. (2012). Determining potential sites for runoff water
harvesting using remote sensing and geographic information systems-based modeling in Sinai. American
Journal of Environmental Sciences, 8, 42-50. doi.org/10.3844/ajessp.2012.42.55.

Eroksuz, E. and Rahman, A. (2010) Rainwater Tanks in Multi-Unit Buildings: A Case Study for Three
Australian Cities. Resources, Conservation and Recycling, 54, 1449-1452. doi.org/10.1016/j.
resconrec.2010.06.010.

Garcia-Comendador, J., Martinez-Carreras, N., Fortesa, J., Borras, A., Palacio, E., & Estrany, J.
(2022). Sediment Fingerprinting Tracer Conservativeness: Exploring the In-Channel Soil Properties
variability (No. 1CG2022-530). Copernicus Meetings. doi.org/10.5194/icg2022-530

Hassanpour, R., Reyhan, M. E. S., Seifzadeh, K., & Markid, A. L. (2023). The effect of rainwater harvesting systems
in increasing vegetation cover (Case study: Khajeh research station, East Azerbaijan province). Iranian Journal of
Rainwater Catchment Systems, 11(3), 16-29. URL.: http://jircsa.ir/article-1-501-en.html.

Husen, S., Khamitkar, S., Bhalchandra, P., Tamsekar, P., Kulkarni, G., & Hambarde, K. (2020). Prediction
of artificial water recharge sites using fusion of RS, GIS, AHP and GA Technologies. In Advances in Data
Science and Management: Proceedings of ICDSM 2019 (pp. 387-394). Springer Singapore..
doi.org/10.1007/978-981-15-0978-0_38.

Imteaz, M. A., Shanableh, A., Rahman, A., & Ahsan, A. (2011). Optimisation of rainwater tank design from
large roofs: A case study in Melbourne, Australia. Resources, Conservation and Recycling, 55(11), 1022-
1029. doi.org/10.1016/j.resconrec.2011.05.013.

Jones, M., Hunt, W. F., & Wright, J. (2009). Rainwater harvesting experiences in the humid southeast USA. In World
Environmental and Water Resources Congress 2009: Great Rivers (pp. 1-7). doi.org/10.1061/41036(342)209.
Kuo, R. J., Lin, S. Y., & Shih, C. W. (2007). Mining association rules through integration of clustering
analysis and ant colony system for health insurance database in Taiwan. Expert Systems with
Applications, 33(3), 794-808. doi.org/10.1016/j.eswa.2006.08.035.

Mahmoud, W. H., Elagib, N. A., Gaese, H., & Heinrich, J. (2014). Rainfall conditions and rainwater
harvesting potential in the urban area of Khartoum. Resources, Conservation and Recycling, 91, 89-99.
doi.org/10.1016/j.resconrec.2014.07.014.

Mao, J., Xia, B., Zhou, Y., Bi, F., Zhang, X., Zhang, W., & Xia, S. (2021). Effect of roof materials and
weather patterns on the quality of harvested rainwater in Shanghai, China. Journal of Cleaner Production,
279, 123419. doi.org/10.1016/j.jclepro.2020.123419.

Ortiz, S., de Barros Barreto, P., & Castier, M. (2022). Rainwater harvesting for domestic applications: The
case of Asuncidn, Paraguay. Results in Engineering, 16, 100638. doi.org/10.1016/j.rineng.2022.100638.
Palla, A., Gnecco, I., Lanza, L. G., & La Barbera, P. (2012). Performance analysis of domestic rainwater
harvesting systems under various European climate zones. Resources, Conservation and Recycling, 62, 71-
80. doi.org/10.1016/j.resconrec.2012.02.006.

Parandin, M. A., Zolfaghari, H., & Fathnia, A. (2019). Rainwater harvesting from Kermanshah city roofs
and recognizing the suitable places for water saving to irrigate urban green spaces. Physical Geography
Research, 51(3), 483-496. doi.org/10.22059/jphgr.2019.271135.1007313.

Raskar, T., Gaikwad, H., Kadekar, O., & Umrikar, B. N. (2019). Impact Assessment of Water Harvesting
Structures in Micro-Watersheds of Nira River Basin, Maharashtra, India. Hydrospatial Analysis, 3(2), 72-
89. doi.org/10.21523/gcj3.19030203.

Sadeghi, H., Ghasemi, A. R., & Nasr Isfahani, M. A. (2023). Identification of suitable sites for small
rainwater harvesting structures using multi-criteria decision-making models (Case study: Isfahan
province). Journal of Agricultural Meteorology, 11(1), 17-26. doi.org/10.22125/agm;j.2023.340391.1135.
[In Persian].


https://doi.org/10.1016/j.scs.2022.104304
https://doi.org/10.1007/BF01868308
https://doi.org/10.1007/BF01868308
https://doi.org/10.1016/S1006-1266\(07\)60018-2
https://doi.org/10.1016/S1006-1266\(07\)60018-2
https://doi.org/10.1016/j.resconrec.2012.03.007
https://doi.org/10.1016/j.resconrec.2012.03.007
https://doi.org/10.3844/ajessp.2012.42.55
https://doi.org/10.1016/j.%20resconrec.2010.06.010
https://doi.org/10.1016/j.%20resconrec.2010.06.010
https://doi.org/10.1016/j.%20resconrec.2010.06.010
https://doi.org/10.5194/icg2022-530
http://jircsa.ir/article-1-501-en.html
http://dx.doi.org/10.1007/978-981-15-0978-0_38
https://doi.org/10.1016/j.resconrec.2011.05.013
https://doi.org/10.1061/41036\(342\)209
https://doi.org/10.1016/j.eswa.2006.08.035
https://doi.org/10.1016/j.resconrec.2014.07.014
https://doi.org/10.1016/j.jclepro.2020.123419
https://doi.org/10.1016/j.rineng.2022.100638
https://doi.org/10.1016/j.resconrec.2012.02.006
https://doi.org/10.22059/jphgr.2019.271135.1007313
https://doi.org/10.21523/gcj3.19030203
http://doi.org/10.22125/agmj.2023.340391.1135
https://dorl.net/dor/20.1001.1.24235970.1403.12.2.8.3
http://jircsa.ir/article-1-524-fa.html

[ Downloaded from jircsair on 2024-11-19]

[ DOR: 20.1001.1.24235970.1403.12.2.8.3 ]

4

e 03k @ JUasdil (gl yig) kit

217.

28.

29.

30.

31

Soltani, A. (2017). Feasibility of susceptible areas for rainwater harvesting, based on AHP in GIS
environment (a case Study: Khosroabad watershed, Iran). Iranian Journal of Rainwater Catchment
Systems, 5(2), 65-76. URL: http://jircsa.ir/article-1-276-fa.html. [In Persian].

Wen, L. Z., Suhaimi, H., & Abas, P. E. (2022, October). Techno-economic feasibility of rainwater harvesting
system for vertical aquaponics in Brunei Darussalam. In AIP Conference Proceedings (Vol. 2676, No. 1).
AIP Publishing. doi.org/10.1063/5.0109382.

Zeraatkar Z, Khashei-Siouki A, Hassanpour F. (2015). Application of Analytical Hierarchy Process in
Topology of Rain Water Collection in Urban Basin (Case study: Birjand City). Journal of Rainwater
Catchment Systems, 3(2), 1-14. URL.: http://jircsa.ir/article-1-84-fa.html. [In Persian].

Zhong, F., Bai, N., Chu, X., He, Y., Zhang, H., & Li, H. (2022). Effects of Lake Sediment on Soil Properties,
Crop Growth, and the phoD-Harboring Microbial Community. Agriculture, 12(12), 2065.
doi.org/10.3390/agriculture12122065

Ziadat, F., Bruggeman, A., Oweis, T., Haddad, N., Mazahreh, S., Sartawi, W., & Syuof, M. (2012). A participatory
GIS approach for assessing land suitability for rainwater harvesting in an arid rangeland environment. Arid Land
Research and Management, 26(4), 297—-311. doi.org/10.1080/15324982.2012.709214.


http://jircsa.ir/article-1-276-fa.html
https://doi.org/10.1063/5.0109382
http://jircsa.ir/article-1-84-fa.html
https://doi.org/10.3390/agriculture12122065
https://doi.org/10.1080/15324982.2012.709214
https://dorl.net/dor/20.1001.1.24235970.1403.12.2.8.3
http://jircsa.ir/article-1-524-fa.html
http://www.tcpdf.org

