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Rainwater harvesting (RWH) systems represent a sustainable approach to
managing freshwater resources, especially in regions with limited water supply.
The effectiveness of these systems is critically influenced by policy, design, and
climatic conditions. Policies and regulations are foundational to the reliability of]
RWH systems. They establish standards for system components, ensuring safety
and preventing failures. Effective policies encourage RWH adoption by providing
guidelines for design standards and incentives such as rebates. Regular
maintenance and safety checks mandated by regulations contribute to system
reliability, with policies also influencing the permissible uses of harvested
rainwater, which can range from non-potable to potable applications. Several
factors interplay to determine the reliability of RWH systems: Climatic
Conditions: Rainfall frequency, intensity, and distribution are essential for water
collection. Erratic rainfall makes systems less reliable. System Design: Properly
designed systems tailored to local climatic patterns improve reliability. Key design
elements include catchment area, storage capacity, and filtration mechanisms.
Geographical Considerations: Variability in reliability across different settings
necessitates context-specific designs to maximize effectiveness and cost-
efficiency. Advancements in technology enhance RWH systems' reliability and
efficiency. Innovations contribute to better integration into urban planning,
addressing challenges posed by climate change and urbanization. As technology
evolves, RWH systems are expected to become integral to sustainable urban
design. Reliability analysis incorporates water balance simulations, statistical
analysis, and modeling approaches, aiding in the design and evaluation of systems
against climatic variability. This comprehensive approach ensures a consistent
water supply, particularly in water-scarce regions. Studies indicate favorable
benefit-cost ratios for RWH systems when appropriately designed. Cost-benefit
analyses in various settings show that these systems can be economically viable
and environmentally beneficial, supporting water conservation efforts. In
conclusion, the integration of effective policies, innovative designs, and aquifer
recharging projects, with reliability analysis methodologies, is crucial for the
success of RWH systems. These systems play a significant role in sustainable
water management, especially in the face of increasing water scarcity challenges.
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EXTENDED ABSTRACT

Introduction: Rainwater harvesting (RWH) systems have been a fundamental aspect of human water
management since ancient times, with origins tracing back to 5,000 BC in the Indus Valley. The technology has
evolved over the centuries, significantly enhancing urban infrastructure through the establishment of large cisterns
during the Roman Empire. In contemporary contexts, RWH systems are increasingly recognized for their
sustainability, particularly in light of escalating challenges posed by climate change and urbanization. These
systems effectively capture, divert, and store rainwater from various surfaces, providing a crucial alternative water
source for non-potable uses, including irrigation, toilet flushing, and laundry, and even enabling treatment for
potable applications.

Materials and Methods: A typical RWH system comprises several key components: Collection Surfaces: Roofs
or other surfaces that capture rainfall. Gutters: Channels that direct water from the collection surfaces. Filters:
Systems that remove debris and contaminants from the rainwater. Storage Tanks: Containers that store the
harvested rainwater for later use. Treatment Systems: Technologies that purify rainwater for potable use. The
reliability of RWH systems hinges on various analytical methodologies designed to assess their effectiveness in
supplying sustainable water. Key methods include: Water Balance Simulation: This technique evaluates the inflow
(rainfall) against outflows (usage and evaporation) to determine necessary storage capacities. Statistical Analysis:
Historical rainfall data is analyzed to predict future patterns and water shortages, often using probability
distributions. Mass Curve Analysis: This graphical method plots cumulative water supply against demand,
highlighting periods of surplus and deficit. Probabilistic Methods: Techniques like Monte Carlo simulations
account for uncertainties in rainfall and demand, yielding a range of potential outcomes. Economic Optimization:
This aspect evaluates cost-effectiveness, balancing the costs of system construction and maintenance against the
benefits of a reliable water supply.

Results and Discussion: The effectiveness of RWH systems varies significantly across different environmental
settings, necessitating tailored designs that consider local climatic conditions, water demands, and usage patterns.
For example, urban areas may require compact systems due to space constraints, while agricultural regions might
need larger storage capacities to ensure consistent water availability. Additionally, the reliability of RWH systems
is affected by climate change, which introduces uncertainties in rainfall patterns and water availability. Adaptive
design and management practices are essential to maintain system reliability under these changing conditions. To
enhance the reliability of RWH systems, several best practices should be followed: Site Assessment: Conduct
thorough evaluations of local rainfall patterns and water demands. Material Selection: Choose non-toxic, durable
catchment surfaces and materials. First-Flush System: Implement systems to divert the initial rainwater, which
may contain contaminants. Proper Sizing: Ensure storage tanks are adequately sized for local conditions. Regular
Maintenance: Perform routine cleaning and maintenance of gutters, downspouts, and filters to optimize
performance. Design Flexibility: Adapt designs to local climatic and usage conditions to maximize efficiency.
Incorporate Reliability Metrics: Utilize time-based and volumetric metrics to assess system performance. Policy
Support: Engage with governmental policies and subsidies that encourage the adoption of RWH systems.

Conclusion: Advancements in technology are enhancing the reliability and efficiency of RWH systems,
integrating them into urban landscapes. With supportive policies and ongoing innovation, RWH systems can
significantly contribute to sustainable water management, helping to address the challenges of climate change and
urban growth. The insights gained from reliability analyses and case studies provide valuable guidance for the
future design and implementation of RWH systems, ensuring they meet the demands of diverse environments and
communities. As climate change continues to affect water resources, the adaptability and effectiveness of RWH
systems will be crucial in achieving water security and sustainability.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

2024, Volume 12, Issue 4

ISSN (Online): 2783-1531 - ISSN (Print): 2423-5970

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: Financial support: This research was conducted as an independent research without any financial support.
Authors’ contribution: Hadi Memarian as the author of the paper, conducted all parts of the research and wrote
the whole manuscript.

Conflicts of interest: The author of this paper declared no conflict of interest regarding the authorship or
publication of this article.

Acknowledgment: The author thanks and appreciates the esteemed referees who completed the review process
of the article.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

pLCuiy goba 51 ol &f 5 yslaen Gaailolw Glseb! Cail Jlos 9 42525 31 (595

105 lors 530

hadi_memarian@birjand.ac.ir « !

sy b iblio )3 ofgas cned Ol plie Ca e 5 )l 93,505 ol Sf Jlastinl sladilels
bolyd 5 ohb g dacuwbu mb cos Gud 4 bable ol ool Nes o il O dgi0
sloalobo Gliaabl bl pulol g 4 daly (S 5> ) jo g e 1S s sl g 5
ESslr g (el ey ol (slinl (el 1y oo bl el iz ol o 5 )glgen
-Gt 5 Aok sl bl (gl pla Jodlyged Bl S50 (slacusl 428 e syl o] 5
5 plaie (5K 5 pross S o oty 1y bl o (pglaes (Sl (Bl @l 25l ol
~ sl Jlasl b S g0 S8 s ligebol bl &y e bausgs 0ud (ol ol (slo g,
o3, 5l Wl e & 0,135 o 8l 5 ond Jlassl Ll OF 1 jloxe slaoslizul oS Sl
st o ilabs ) ylisabol Calls s 3 s3ete Jole 1l it o B b s blB et
SH)k sl 5908 S oglaer sl Sk @i 9 b (Slsld el bl ol e o
b oS caslio ond ol (slaailel railebo Lol md o ilS 1, lakiloles slazel Cubl pliiel
Phb S polie sy (oo g 1y Gliebl Sl wilbad Sl Jxe lse 5 Ol (slagS)
2 gl 1 gl SlasdMe sl b sl 5 jlo g (giluoydd Sl ol s Jol
Sloy Sl & gl |y dbgye colio gl wilsl cilive Gl > lisabl Cobls
Ol Cubl ol 3l el (69l (slacd iy bled oo (5y925 008 ploxil a9 (ot ]
logily > 4 5 it b S0l 2 4 s yglss 5o b ol (s pgler slailolis )18 5
iy dngi g JolSS a3l oS jghailan S oSS (plingd g Igp 9 Ol Sl ) 26
s g i Wgd b ol e b o @ bl Ol glaen sladileby 3900 Lzl
ol (il Jbe g3, 5 el Julos 5 4525 ol Mo slagilotend Jolis el colls
0l aole 35S0) ol S 0 S lgm g O Sl il 3 ot 2b5) 5 Pk 4 &S
Aig3h  dgw S 45 I3 oo ol Sllllas bled o prends DS sblie ) ofga |y Hlub O
o g 4550 g dblgs iy 5 wsllas o (Slib g 10 ()L o d)’iéo? sabols 4ly
bl a5l ailg o ailols cpl a5 amd o (Ll i alitee Gladais jd oyld g aiyia
Coles 55 Ol ) oo b Lo e (sl i | g 3Bl bk (aome G i jlg 40 & 90
oy, 5 gl Copte s 435 glag b il sly laz b 3o sl pléa] o ;a8
ot ol cpl sl me Sl 0l o sslann slasilols Cuibye (sl lisabl ol Jilow

5513 O 3518 938059, sla il L derlye )3 03294 T Sl Cojpe 53 (alim

Al ado ,U

VoY o0 VY il 0
VY LA 65050
VoY VY iy
AR PP R TSR Wive

flS glaojly
8 835155 6yl sl lls
S (6 )185S g yron il

DOI:

gobw (clodilolo phcusy gohaw il o)L ol 6)916"? Saailols (luebl cuils Lo g 4555 5 (gy9y0 (VF+Y) codle ¢yl ylome L]

Ol Ohl 2K ol Slapis sols (yoasl 1pak

AVYVR (N (bl o

obolexe (o3la :J,i»*o bMy *

SANOYY - YY1 op8l

hadi_memarian@birjand.ac.ir : Sug 2SI Sy


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

Y e b ST 6 glen sBailele (ylsab! il Sl g 41355 32 (5595

Aodio
51035 1 (6lo,bg3 Cangume «l Capta 3 gyl (LS g (oylb Jdsas a5 o3g Sliwl (6y5kd o9 o)L O (6 )glaen (slaailols
S 0,9 )3 3o 51 h Jlo 00+ &y bgsyo oS 15515 g2 o] 5l amld 5 035 (6 3 I (S laeilolis ppl (Sl L
9315 dsgs po)y (693l peel |y baailolo ol i -253g) el ) (Kiyd sl Kiuw i ity o ppoli (claailobis &S lo i sl
o> Gt Cdlsf drgs g 5 red 3ol 0 |y ol Gl oglaen Comnl 528 sbul Ol ages el (i 1y S5 il
325yl (sladiges (Ortiz and Rao, 2004; Komeh et al., 2017; Hofman-Caris et al., 2019; VS and Jacob, 2023)
Memarian) 3¢ oo <3b 5989 4 35 pMusl 51 s o)yl g il ol (58 el 0 eld g Loy o b Lol O e nailobus ol
.(and Tajbakhsh, 2023

2L i ped g oeldl Dy 457 loj g )l O Jll e )3 & s oar oL Of il yde pas 5
0p3d 5 Cysxin ¢S yglaen 503 zokaw g bty 1) hb Ol balols cpl .ol o a3 lud 5 ke add o ial38l 1) O glbie
o3lisul (2930l 5 g godiund cilul Wilo oyl dolie sl Wl &5 A o ol |y (30l O e g WS e
(55 3l gl gl e ysles g Jol Jyans ol S, (sl 3 it 5 1B (sl i o L 395
Ray et al., 2022; Silva and de Souza, ) el odlatul bl 5 cyeul saicuidly p O A8 o ppouds &S ol s gladilob 4
(2019; Amos et al., 2016; Abdulla and Al-Shareef, 2009

Amd o il ) s O wlie (sl Lolis cpal opl canl g i O Hlub copte 15 o)LL ol Jlasul ;938)59, Cucal
ol pogMe sl JuSizs (laoy93 Job 53 Sl ol pite o lsisds Bl o g 03l (2815 ], (LS5 (sl Juols U, b
@l e 3blie ) a8 o S8 Ol Sl glio Lais 4 09y 00 an 4 Soso ] i 3 &S (b e S oslil L
ol ) Sl yglaan ocsloy; )b wl o laailols ol wigd o Ll Of (b 3985 1 lo 3585 By sl oS
Qi et al., 2019; Raimondi et al., 2023; Memarian and Tajbakhsh, 2023) .S oS 1) (6,40d Mw @ljlas g 03l
4 ¢l biye glio g oo o0l U5 e o Bun o LS5 o O o sladynly b ol o (gl ol negdle
ol b of Jlasiul fuleS b ol Sinlen w039 5 5lopg olul o3 lul jhs 4 en elaasl oy aile, Slhs
Ozl o] (gby s sl slosiel BB O (35BSl g 008 ipglie 2lgn 9 O lpess SISl ply 55 wilgi e 5 Lo jaed iyl
{Chen et al., 2016; Qi et al., 2019; Eyni and Deletic, 2023) suS" Juol>

rolre glagtlle (0,5 Byl (dly (Sl slboged | &S Wtn Ol bis )3 s 55 2l b o sleen slasibeles
sl Jlb (63,5805, oximo s aSly S oo Lain 1) Gl ute S 08 & Tl Coppte sloosed )3 gl plesl iy o 05
ailobo ol 3,Slas b)) calisxe (slaybgy clis o plply .cunl yuizo lon g Ol b dgalge )3 Comn oo (6 phddllas] ¢ o)l
Pacey and Cullis, 1986; Appan, ) cusl pae sl (oliws) 5 (645 slojls 28y 55 bl luabl cubls obj,) caliso (la g, o
.(2000; Khanal et al., 2020; Pari et al., 2023

355 Mt O dga0 by b (dblie )3 0319 oy O @lio Cu e (gl Hlub 9,09 6 oLl O Jlasiul sbailol
ladllas 1S o s Giliseo Lyl 53 O (Lol ool (5 1y bl o 3 s ol aee sloann aailolio ] ylinesl B il o
lisab Sl e 53,8 i) dold 5 Sl 55 oditel (sl 1y alol (ol ale] oS 05 plosl Uyl el > o
sted JB jgba iz claplSe 3 o)l sl lsebl bl (Jls b ol polazdl gl 4 ao)s Vee B AL I (oY
Preeti and Rahman, ) 15 o aiwsp |, ol O (6yglaes ladibols (shb 3 oldlks GlasMe cuenl yol cpl 3¢ ciglize
o g 5boand 3 odlizal b Lk O (yglaes (sladilobs oluabl bl g)Kas Lk G539WS b g ot dilate 1> (2021
Sy O 5l olezel BB auio Al g o a5 43S o 0ST Sts Ll b atilolo oyl (6,500 0 adlllae ol ocd)S )15 Ll 3590
Cladilols snli—ana Lo g 4550 Lgj,l ol I 1 ()55 (63,90 anlllae (Adham et al., 2021) aules wal,d 1y (¢59liS
cladilbobs plesl Jasecaw; sblze 5 (oobamdl cubld p adlas opl 5,8 &1 ) oKl opl clagledlo oLl Ol (oy9laes
(Corneliussen, 2018) 3,5 18T (o sacdbopj > b o (¢ )glxe>

5 ol Lol ¢ Joe (clon g Ol a5 5L O Jlastinl cuslio (sladilobs 4 jLs walizeo baylps )3 alobs lusebl ol |3 g4
b odyuid sladilobw el dgaomo Lad oS gy0ad slalene 10 (Jlo laicds (hled o (gy9p0 NS o S5 )0 |y eolatwl (slagSl


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

(VFF OY sls F o)) 31k Sl ok lrdilobw ¢

el 3l lisabl (el (55852 (3l slacd o 4 (55)9liS Bblko blie 5 .l (6905 slomm (53053 208 (sl ol
[(Ross et al., 2022; Wartalska et al., 2024) x,ls jL5 Sis oy ;5 (65,9LiS &Y guamma (glp Ol b

3B 03151 L 48 sl Lt Wzl 3 (glaallinn el 5l o Sl gloailoles il (sladin 51 S0 LSy oolati] oo
23l oo laailobs oyl 45 Amd oo s g 1L Cgllas g5 o lyb O (6 gl mon (slaailol 43 &) Sgu Cons chiiar Cawlio Coline
Preeti and ) K¢ 0 b aibio (ol lajls b cilae clp a5 Sloj ofgar sl Ol Lis gy (gldd o yg,ie ool
Syglaes slaailols a8 Jloyd wimd o L5 g Wlggite Hlows AT o Cowddy (6390 Slalllas pl | 4" sla > (Rahman, 2021
)8 e o)l aBee (35: 48 oty e 5 Gluebl Cubl il s @ gl b bl (Alb wie Bedge sl L &
s &y ol (£log3939 2 b g5 Slaal 5 locusbio 5] ilises zghan o wim3 o oL iz lilie o] Al ol
o g 3505 5] oalianl s 53 ales ool g 5oSen poye slp 1y b Of (6yglaes slaailobs ok b 9 Jles! Iga ¢ O
38 o Byl T 0 Sos 390 53 1y (siondss)| iy clisin bl slaglSe )3 il o Jlasiul ladilols )3 o lebl cubis
&S bl g (Adham et al., 2021) wolsl o 5yl g 548 pods g b0 «pdal,lS Ol copio sladyaly g Slhb @ g
(63590 Slillas ol gy 5l 4 gl (sl oy sl 00 o5 ol (JSio 5 Sl 9890 S e puolipe 3 o 25008
g anlgd do Hlww oan] 55 b O Jlaswl b b ye ol Kol colun 4

W dg, 9 dlge

b 5 sl glsa!

5 <8 o ¢ Jlaseial 0] )3 o3kl gl 1) ol o & conl O o e sl il 03,5095 bl O yslaes (Jgene ailols
el niSo g 4 (£loany] b (g jloo D 5k ] wilels sVl 55,0 059 Jolds (glibolus iz adsl (linl S oo 0y
& ol ailate cpl 35 oo Jos b o ady) gl Al lyieds epiilidgis o b plicaty S gans 2] 059> ol @b
ol U g o logl Jolis a5 Jlasl ailobs .ol oad ()b (Sogll oysiluy JBlis @ b cpe )3 9 O (6yglaen oy3ilo, yiSTs
ol b o 58 sy (2lS” (gl o S5 & sl () dlge 51 el 3l ol S e Jitho 0235 ()jle & ol 0o 1
Oligabl 3,5 )15 adias (slaaiyl )b cow b wdl oolitul LB osd 085 O Sl 5l 8 g o0 a8l Glogs 9 St b
022 0w Jl slp Sgiedd 9 > Bl (gl (ygml i Jold Vsane o5 S oo 039 1) Sl 3590 (S sl lislil 45 395 Juol>
295 odlital oo 4y 1) oudaghal Gl wdl gl g by ol Cunl (Sae & i muilo caled 3 ol lis o Jelss
ol pin o ol ol 31 asiss &y 4 ] (ool clmosliol > Uy Iacdlg (godinnds ccsylol gl olgs bl o
o 1 almedi YT (gols sl (3San & |y ol 6slann addgl T a5 (35 gl slmodim Lol ool siilo sl S ailfo s
.(Pacey and Cullis, 1986; Memarian et al., 2015) _3Lsl Ol JS clp oy lopaslSo g 35850 0 595 dil adgs
ool )lge (B30 53 Ak (5905 b el Wlols grmo 3, Slas 5l izl g O o g oo gl )l g S slaailoles
5 Sl Ol s oMl I clablxe (sl (285 b S 6T sly Wile (gl iy sl Sy Cunl (See (L Of (slae
el ot Sl 355 65 i st llan o 18l AL 35 3 |y o As5 (5,531 (gl 00l (elmoiiS s | o]y logeias o
S 9 >hb e (RPN plas 650 & (sipd o laailels wile 10l @l B a5 Jgene glis | aloaiy 5L
Sl oo Cales ol Sl 5 e Jomo (S5l (slogSl s cudloy O 51 4390 las ealitsl 4 sty )l O (6 len ol S
.(Khanal et al., 2020; Pari et al., 2023) sl glate ;L

Olwob! Sl (b, Lxe
Gl 1y ors gpolaes Ol 4 Jlul g ol Lyt oS canl Gl Jole 6 luab! @il ()b Of (gylaes sladilobs obj,l )
S o)l 4wl oo ailols a5 A8 o 5 ped (Sloj e 2 c0loj g (e (lisebol CehB glajline WS oo (e a5 390 Bl
o obes (wSbe 45" sl Mean Time Between Failures (MTBF) Jolis ladstiw cpl S 039l JSkio g 1) Ol (slolss
oty Sl S s glys p3Y loj (ke &8 Mean Time to Repair (MTTR) 5 S o (550310 1) dilobis (slacanslss
S5 gl b wle sl pre slews O polie (el &5 ladine; )3 0394 bajline cpl il e (635050l (ol B G g3
.(Martinez-Acosta et al., 2019; Teston et al., 2022) 5,15 Cuon Wiwd (Sio Ll Ol & Cpd e Bilas glp a8 glv b


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

VYo ...o!,lgyid)giéoedu&lalwo%b‘&@.g@&bd,q}qdﬁd”,a

2y Lols a5l Of as pe Cuns 45 395 0 (62505181 15 (VR) oo liebsl cuild domin b yliseb] cubls o5 (ggm ]
s SIaCabls o & s ol 9008 eiin (Sl (slagSl b olin )3 s (o) leion b ol 0,50
Ul Slg go dilol a5 amd g0 (Lis YU oz liebol ol S o oS il cuslio s (sbooy9d Joow (gl wilgi oo oS
Sl sl (had ()b 2595 b b (JLaSiis satin blio (ol 4 S Lais 5 ik o8 ©de (SYsb (slaoygd y3 o |y Ol el
.(Hanson and Vogel, 2014; Memarian et al., 2015) ¢l

a)lxo ol i (65908 ol f sladiboles (giloian 5 S50 Capte iy Gloj p e 5 ez liabl CelB (gla)lxo
Sk el 5l Gliselel sl 1y (BLST slaailobs (2hb 5 (651050 5 o slodoli 5 wlolis (5 pdyBllasil o)l )3 1y (ssdo o5y
<l glio o )lid Wi o o a0 Slundy 35 Ol Hhuk Cupte oo pal) dsgs jHajlne cul s 0ed Syl 3 S oo )
s 1o 5 Ol slagSIl )3 oS ¢ glsm g O Sy atie 13 ccnlpogdle iy )] 5 |y qalsn (iS55 5 amd JhalS | (s
(ol el Gpendd sl Ol T slaer sloailels b sllail ) Gliebl cobl glajlins (ol cied sty BB ol
.(Shin et al., 2018; Morales-Figueroa et al., 2023) w44 0 )J)JFI)'JI 9 p ke

Olseb! Cubld Judows g 45205 ol g
I labl sl (Ao slagby) Jold & Cunl (aagiia sl 6 L & sl zer lrailbels (lssbl bl Jidos g 35
O slas39y9 o SOl a5 ol Ol oM (g 5bodnnds oslitl 3,90 aldol (sl g, 51 (S sl ST Sl oweli 3 baasbebes i il
3)90 03633 ()30 0] (el 4y (g3l dnd (pl WS (oo dumslone (me 0)93 Sy 3 1) S g B wlo b g )b 5 (L ke
oo Jols & sl (6505 oo gy ()bl il g i S o (90l S8 Sts (gloey0 50 Ll (5,5 03,90 gl 5l
Jlis! slagje jl ool ol wlg5 co Jelod ol 948 o0 OF 39008 Jloinl g osal slogSl (st sl (SS90 (Fr)b slaosls
Wiad plcblasl diliste olon g O Lulpd ply )3 a8 Slaaible shb (lp a8 wiol JWSis Gae g Slgld pmess lp
.(Adham et al., 2021; Preeti and Rahman, 2021) cul (g5

oaliel il gl lies 5 s o Jlaeial (sloeilob 3,Shae 5] sl lisy ol My Jao 5lo ecsila Jae cslo g
s 53 el lisabl bt o5l sl |y ooy bl 5 o LSS s &5l (Sl cslbosls Lo Jae () gt o
o sl 1y ligy of (Mo Jae o s plogl Lgy 5 a5 (glanlllas ¢ Jlio ogicas .(Adham et al., 2021) 35,5 o s > )lo;
Ko J5 5 (SiparsS siile Vsmme ol 5l 85 s )0 L (OIS (65,5l8 50 (il (sl ol ol (5B dige o]
L ohb o (yglaes sladilobs fluebsl cubls cusly 16 g ,d Sl @lin jgba (Gwozdziej-Mazur et al., 2022) >,
Gblie > wlob 5)Sas 3,90 )3 1y (5310l § 487 b5l o 5 Gloj 2 e Lulyd 93 50 50 O Dy (g3l Sl oolizl |
Ol as e oS ol (6,500 0gud ey i Jalod g 45 ¢ oplpogdle (Goh and Ideris, 2021) sa> &l 2> (65,9l co
S & (SBLS Giales cplamd oo (LS Ty (68 g Slile (o3 9 S (o o5l sk )3 (e SO plp 3 1) (res
23l ¢ Jleas| sla g, (Komeh et al., 2017) 15 oSS canl asye 51 Lo Lol o] 5 a8 Slow bl Lol ¢ ailob s,
A 5 S 5 4]y S 5 ] o 5 5o 02l LOAE 5 (Sl 3 o i e sl 35 )5 g csihos
Paxton et al., 2001; ) 8 o oS ol slajls ool )5 dbols Cuddgo pac b basye las )3 4y 3,59, ol b3 oo 4l
.(Komeh et al., 2017; Gonzalez et al., 2018

s (plb a5 (39 4 p0 4 Ggshe o] 3 4 Casl liabl Sl s 5 4529 5l (6500 a olatl (iloais
Aok S & i 21 85 ol el BB T 550 g b b 0S5 5 bl laiyin auglin Joli (] 355000 (b3
Jb o 2 9 81 ]y O cutel & ol (latge Jols Bl Ban 500 Ll diyja g wlobe el Sl e ol b g
Ostfeld, 2012; Memarian et al., 2015; Memarian et al., 2017; Nyahora et al., 2020; Miiller) slo p J8lis 4 1) laas 3o
I oMy (il a5 Conl @by 10118 6 b O (yglaes slaailobs luebs] cubls o g 4550 o s (et al., 2021
Cuoglie orldl Sy il > Wl & lbailobo i)l g (b sl 1y e giloJae clad,Sag) 5 )bl Sl g
S8 bl ol Goglaer abls dwg 4 ggemme )3 lagsby) cnl S (o0 plodl WS (e 1) Jlub Ol (el g 008 JS5Le b 03,

" Mass curve analysis


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

(VFF OY sls F o)) 31k Sl ok lrdilobw AR N

o) s dlge O 39008 cla yills b a8 bl 13 039 o] mlio Copde ;D ot i Al5 o 45 A8 o SaS el )5 g
.(Khanal et al., 2020; Razali et al., 2023) 15l

lisab! Clld 2 530 Jalss
S 0k 5 et S e (sl Pl 48 5,5 e 41,5 (damte Julse 5l cov b o (oglaen sladill ekl cubl
s 8 ol o2 logits (S @i 9 G5 (ol el oo Yl lgmgl Ll id K0S L Joloi 53 i
o ol 5 a9y dalgs ledd b O Jlassl 4 4S5 1o OleS b plaiel Sk b bl 30,135 o 151 5,5 6 yslaes
Khanal ) ans Liol38l aag JB jeba |y olaebl cubl S5 o 05 sloli 5 (Joe olomgc] (slagSl b calizo oas ol )b
(et al., 2020; Fioramonte et al., 2022; Gee and Sojka, 2022

sl oyl 2 9 (S s i 5l (gl d (300 (il dailagh it (95" jrad ol ilolis (6 )laS5 (sloeyy,
ol oS g CodeS JtalS 4y o Wl )10SS 3 (R Fie Sl (5y9p0 Sl S Sl 65l 5 g 3,8kas | el
O 35 a5 puae b )8 slols slagSl . (Memarian et al., 2016) 5jla as & 1y dlobe fluedsl <ol coles )5 5 348
Lolas yl5ae 45" 25 Juols liebl b wgss Sk gl 5l 255 5 2ol 5o eslatwl oloj 93y 18,5 a5 3 b b adilobs 5> oo
Clgiuns § Calle o Bl o plaie (£ )aSS Cmnl 5 Gl > (g2 o 350 53 ) Gisel cnlpogMle IS i j5lo8 ays ]
b Jols G oLl Of (oyglaes slaailobs luebl cubls aoMs jobas 340 yiag o pto b olbailobs & e g 1S Cogis |,
oo Jgb 31 bl (sl €85 4 1L Jale o sl )8 Lol slagSUl 5 ()05 slaogad wilob (b lgagol Lty |
.(Memarian et al., 2017; Khanal et al., 2020; Yildirim et al., 2022) 5,5 ;1,8 4555 350 ailols )5 4

&) e 9 Sl
PR bty 5 1S o ol ol Ol (pglaen laaileles j1 g )bpose 5 (Db 4 (2SS ) oge (1B Ol e g plalad
5,1 1, Wnlabo ] ity eyl sttt (gl (ol Jaadlygiod ) L 550 (slacaslius )38 o b o lisabol skl 5
Slors a3l ggise odlitul (lalols 5 caliswe olgmgo] bl b ply )3 Coglio b (plaailobs 45 aiiS' o slul 1) olebs] opl g 03l
bl spuiand 5 o)lel Lo oy o081 Wl oo &5 i (oo g5 1y 0 Jlametial il O jlore Blao o
b lobo o) lisebs] bl 3l ies) sl kil b 3illas 005 spslgan ol 45 ol 2 bog o 4l cly susls] G5l
S o ol S oy 0 g plaie (611485 g yrasi oS lacaslis Jlto lgiedr 3yl (So35 bl g oSl Sl o le
stolias o3l 51 s lgiods il b aniso wilo ola Gsha eyl yrogdle g yoeio (6 olate] LB slaailolus Sloms] & 15l o
23 Gl Bl Ol gr 8y whe E9550 2 1) Lol 0silly 156 s 3 5 WS B985 ) L @ Jlasiin] Glaailels cual wl55 o
.(Thomas and Liithi, 2013; Memarian et al., 2016; Khanal et al., 2020; Akter, 2023)

Sl 5 s 5l Al oo S o Pl O Sy 03 S (ladaliyy o 1) o OF Jlaetil slaailols &' il jho ol oDl
|y ool sl 01 4138 (sl csypd Ol 4 yx 1 S clyieds koo ) 5,8 5, L aimd Ll ] ] lisebs!
S8 35 M 10l g (6)45 LS 5l ols Cllgy oo 4 4 ctiilei o walyd |y (5ol O gite i &5 4 WS o Jutes
4 S el oI o plyieas 255 o )5 ol 3 x5 35 o ol il e > Slae 9 e B 455 o
il 1) wloles lisabol B g A8 s (S5 (slooygd oo 3 1y il ol el Al oo iyl S5 B (oo sl
(bl Sl aslaan b laye slaisgld 33 pgly 4 oo Lol S o Sty dmgi 9 340 | &S alacuskus (oDl i
(Huang et al., 2021; Rodrigues et al., 2023) %55 o0 yloj Job 53 dilobw lisebol cubild 5 1,5 3500

b g oyt wlo ol (glinl (ol oy lial sbel 5 55 b o Jlastol slotlols o] Cabll y; Caslows 3G
S S5 o s sk () Wk (slale B s b S (655l o S3gl 5 of s S Slyie 45 ol syt
e glalden jldacaslus ol (il s poal 35 Gl (sl 48 it Slazel L6 s & oL o psleen sloailols
P 4 S lacwle (> e gl e Cwl (6908 s bailels cpl Jlnl Gluebl Clbl (gl (8 Sty @)
Py o Juusly a8 Wed (ooloiel LB yue sladilobs 4 o g dil Cuwd 353 Jaid g0 gl 4 Jlel Cuwl San Llodds )b


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

1YY e Ol O 5 glaes railobs (yluab! Culilb Judod g 4355 2 (5950

U8 o 5> (Herrmann and Schmida, 1999; Butler, 2018; Rahman et al., 2023) x> o Ui of (¢)lub g cblas
3 S5 G 5l (y908 bl o oglans sladilols Gliaebl bl g (gl «Bige (Sb ly Slyyhe 5 Cunliw
st BB jsbay a8 1) dlazel B 5 (g68 (sladilobn drwgs WilgT o cuolow (pl (ol ! bpuslSo 5 b Gouio ¢ 8 (gl bl

kel g S (o S8 Ok oo slaosed &

S 9Ud > s polys
@sygly cunl ol (I3 Gl ol Jlastinl (sladlls Gluebl cubl 5 LTI oy S bt pdl (5)5ld (slacd iy
aw 3 o 2Ly el 5 Sloss guly 98T S oo odlatol laodly Juloo g 4550 5 b S 5l &S diadon <l sladilolus Jiile
Lan 5 (S boos adas loinld Wl o (winpn dadsn cbable ol S o pald 1) wlolo 3,8ke 5 O cutS o
plpogde 515 b o)l Jlai 590 o3l (lp 1y ieul (slod )bl oad cudly p LT aS 395 ol el b a8 )8365 1) oluows
39 35S 1y bl onisn 390 1y oLl O Jlasnl § Gls (pideis clagilugy g jow slapl W5l juw lacsloy; pleol
Rahman, 2017; Razali et al., 2023; Ortiz and ) sisu o W)l 1y (0 O Jlub copie g ools Lials |y Juw ol ylas aoes
(Rao, 2024; Raimondi et al., 2024
03] Caowsdy (6159 Ny pmizrped dwwy oo yhaids 0aiiS ool S o Sl Saualisl (glas )18 alas 51 (g 00y Glanl (clps
dgrge slaojlo ) b odd oulxS wax slagleile Alb 5 wlgie 45 0 3 Gl o oslaer S satest (sladibels
wile epdyyiod 6550 wle b ghb o 6yglaes bailols cuf 5.8 wal 8 5lubsgs 5 pivdlas Of aie 6 5 598 (gjlopglie
0ozl b 1y o aSly eaiiS’ o 0,053 ¢ (6 yslmon |y hb o los 45 4 598 Jitane MolS” claailobus dy yoxio ilg3 oo o suidyg Sloxio
Stys and Stec, 2020; Murillo-Alvarado and Cardenas Gil, 2022; Raimondi et al., ) soled o 21555 5 croy S (65,51 5l
RO L1, Ol)lg g.j 5)916‘*? bl gO#ﬁLa &b dlmwbn)ﬁl 9 (SGuan ogh 51 oolaul 392 el g&]ﬁ@)& .(2024
63ly8 Jlas sloailobis 4 e Slg o gadse cpl &S bles (gilodigy | B puno 5 03 po> (Silwslls 5 (S,b (slagSl
l.u.ol w).u.:l )I oalaiwl J.MSL_SA L)"‘Ma" I) u] BEl L;deS).«a )Slb 9 J.:y.oL;o )lf)L.o ){)L{ L;LoLO.: 9 dl}hgu] Ja.’l).w ).u.au b &S .)y.o
w3l 4l ol cpl (53lo)lS95 0 (care (i85 ol atusly (S50 & 5 ol o pglaea slailols (Sl lalidle s 5
ooy Gl g plodl (g5l 3D (gla el sl (Sos rizpn dlse ple )3 pglis dnsgi g B (o g WINVFY ¢l laxo)
Gee and Sojka, ) wisw d9p |y Ll ol Jlastwl cladlbls cie sYVsb ples 5 umd Jials 1) (6, ¢ peni (glajls oS
4(2022; Judeh et al., 2022; Ganthavee and Trzcinski, 2024

Aol b g (g pes Hate b s LSy g el )8 cliedol BB oo Ol (6 polaes slaailol 34 0 el (6y9ld (clacd pi
ool Sl 31 36 sl tlle b ablio 5 GT Il S e )3 (ore G185 Slia] Jreailiy aailols (o> slacusbis 5 515155
& g Bdi i syed Sl g ploisle (b 1 piliabe oise & Vil dacysl cul JalS L oiyls i e 5
.(Rahman, 2017; Xu et al., 2018) 1S 0 oS oz puolpus 13 b o (g5l g (5 pdybllass]

NS NTN
i slacsgin 5 il 035850 o canl oz S Ko ol o Jlaiad slasiloba olyebl bl oo 5 415
09 da e ailols (! 5)Slas 383 byl g wiie Uy 5l Blo &5 cul Slaesls 35S adgl sla 1SS 5l (S !
Jte bl pas 095 o Hlais sl slezel BB on g aolylS wa a8 Sladilbols (Sl wdpas slaodls 5 Skl 1 3 cleMb
s ale eoaxie elopite 1l bl o Jlasil coailobs (gjludud el ol 3)50 clo b sl (6,50 wte L
Conl a0 S A SLogpte Lolul il b Jae ol Jb ol b o0,y a0 |y (gloosd byl o )8 clolis domgc]
ISt 5 syl Al 295 oo (lizebol bl L5 o €85 pas & e padge (] 4 LBl Golo lagy s den (gl
5 e bulpd b Gglate basee S 3 ol (e G sl 0 (b alolo Sy 258 o0 (w0 &5 Sloj poguata S o Sx]
Shokati et al., 2020; Adham ) 3,13 ;5 oad Jlastiol Ol cuiS 5 alobo o1 5 wlg o cpl 298 Jlas! @glize elazs
O b aSTs S dgame 1y 5 luebsl BB g Seduzy (sladilels slal Wl oo (g3laiBl lacudgize oyl pogMe (et al., 2021


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

(VFF OY sls F o)) 31k Sl ok lrdilobw ARTA

WY (S91 | 6ySsla e e 5 S s ol (3,5 30 35ke o108 5 ppnss Sl 3,5 lo] o 3,Shac 5 s
2 bed iy daills ol o) Je (Preeti and Rahman, 2021) S o ddls! aailobw (ol luabl <ol & 1) Saoms il (6,50
e Sy bl s Bun L ool OF slaen soailobs (lipeb] bl oo g 4520 d9i00 sl pslae ysbas I ibs) 5 5pslié

RO PN B N Y

sobas ailebs opl 45" i o bl b Ol Jlastul claabbs lubl cubl clp 1y asg BB o il lango] ol yuss
Sy b 4 ok slagSl o9 (itn JB st g St Wgdie 4 pdy sl O Copte doel) G lsiear sl
Sl i &8 Wlosly )l lallan 5,38 o 5 nailobs ol lisebol Cubl g 3,Shoe p puiane jobods ol 003 5 Al olgng]
G55k (sl ol Lyl b Latilolio oyl il sl @ Lo 9 5,58 o 53l b o Jlaseisl Jewdly o cote SYsb  Slong]
loalolis 5l Gl (1) 4 oeie Kl e (S0l wab gladlig) Sl Gl Jlie lsieds 9 oo elus] Sl ol
.(Islam, 2023; Rodrigues et al., 2023; Silva et al., 2023; Xu et al., 2023)

b (S8,b Ol s ).ub Cod &S Cunl 03y 0,5 L”’OT Oliwebsl culbld &y 4L ol 6)9]& sdlobs (oolaidl plgs ¢ plyo9Me
Sglize Hlan aslols ol Jlo gols a5 sl ol cilisee  olgngo] bl i cod ladilobs cpl gols Julov g o5 .ol lgago] )
Khanal et ) 54 48,5 5,5 la ] oliebl cabilB oLyl pBa ol Jolge JUS 53wl (oobaisl 5 Slas 45 and o i g ccansl
i slagy sl o gy slalase y3 b Ol Jlastiul (gladilols oLl ¢l pogMe (al., 2020; Shiguang and Yu, 2021
sty BB ysba w155 e il il sble Sy bl p Sl 15U cul (Koo slspgol Clyuis a5 Jl y3 a8 sl Lt 48]
(Toosi et al., 2020) cawl pao s Jo Jobo 13 )b O sl 1 lisabsl sl a5 )35 15T )] Lad el coulils 5
St SYgb S claoyed Juilt ( S,b sladlgy ©ud g Slold 8,5 Laid Jolis dluse opl .l (55958 sl b o
P B Gl olopdd g Cla dy plgie 1y ohb ol Gosleen bl Gl plosl b sl (gdg)hm 482 p0 IS liis
sl g slad byl sbby) S5 cnlpogde 9 ol SiS (slaoygd Jobo )3 39008 U 3)S g ogbye (slaoygd Jobo
ool s (Vg a0l 5 labo] ol 45155 o 3o Sl mgesl Ll sy o8 piyBllan] 51 b (sl it
.(Khanal et al., 2020; IPCC, 2022; US-EPA, 2011) siso dea0 |y oLk o (6y9lzen

49 ol g2tz oLk ol slaen ladilols luabl bl ldl i ISl S Glgie IS (spSas S lgies
WVl bl g olgng] Ol s bwg ods 4553 (slacuabs pae Graai Lo 5L Sl copie g (b (lp bg 3,505, S
deols el o] (sl Sl @l el g 2,8 Lais 1y lag] liselol b lgiise Wl ool b ol ol Szl (slag o
(Gwozdziej-Mazur et al., 2022; Ray et al., 2022) 505

Wamogi 9 gy (2 %
Joli 3550l 53 Wroged (3 yite ol oo sl 1 5ll o e sl Ll GF Jlassiul Glabl LB ladilols ()l 9 Ak
oS 55l 0y aslio g g zobaw Ll sl O ol 5 oo (Sl oSl S (gl cals I elS b Sl
oS 039 adgl ol ol (25 B yxie (sl e adgl (ot dilol S (sl bbbl sl (6y905 5 LBl plgdls 5 ooyt
3 g o cdadle  Sagll I candly anily uwlio 0310l b (g5lwo pdd 5l ail 230l 0595 pdaw 5l olmosn YT (gols Conl Sao
Olirebl (sl o Blo g by p ool (355 e aloar jl eplaio ()M 5 yosd Wi wblo oo Lulyd (ol 2 cuslio Slgo
(Memarian et al., 2016) cusl Sla alobs aigy 3,Sles |

Sl SV goas b (5 yad 3blie )3 0294 o Jlametia] Ll Ol CdeS 35100 1 35 p05 42 5L 0] ) dowgi g s gl
glaen sladilobs pledl ¢yl pogMe il anily dise opl )5 ol jwds i Xlg5 oo Of dstuai clayglid 15 (g )9lgs 3,13 2935 (o>
2 G5 25h carge ) Ol St e po Nlg e (adide (slasilugy g j slapl Lile Gaw slacSlp pl b b o
Ol woles 3 a8 oe |y gLl @ Jlasinl glaailels od s (bpdy Slgie S98 lagsie 5 lwbu duwg 3)90


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

4 e b ST 6 glen sBailele (ylsab! il Sl g 41355 32 (5595

Wailels ol 45 355 ol (il b ol (6908 365 ol e 5 ome S5l 1 ool o Jlasetasl il 5550 50 oo (Yo
9 555 Bay arly ol g sl gl O Jlasl ds; 3 puty dnaogs oul ) B S o0 S8 O K 82 4 (e jboay
(Sojka et al., 2016; Siddique, 2021) 18 o s Ol (gylub (sl o3,2uS

& 35 o
bl s e by g lgmgl Sy aie 3 ohag o] Sk o 13398 Sl S8 (sl b o pglaen slaailols
sl (Gl glacgr )l 5 slls (Shb (alopscl bulyd dex I e Lelge 551 cod balels ol Gliebl colil 259 o0
iy 4 g 35,1 cbllae el (glad liilinl b a5 w8 o pwensi g Canl (659 p0 bl ol suelcadbn (clyal (6l e slacuwliw
bl wlgi o WS (o 95 | plate ()RS 5 el 9 WS (o0 2l ] (Ab slad)llil &5 ol Wgd oo 6)IRSS
 Woged (nyiae & (sinl 9 bl cpl cuad 55 bl wile olagade -iins (Rl oLl O glaes laailobs el
ojlel oyl 4y 5 L9 o (60 Blio o (il Of Jlastiul coailelis pleol 5 (LIS gm0 ol (5518 53 a5l S 0 95
o)l 4 slezel LB ol Of Jlastl claailobo aiyles B by (6530 5b 411y (alomgol Sl 51 (36 sl il b i oo
I gl Bl ol (lagtus (sl g caslio lge sl )l 5l O (SLolE 5 (e (S5, slagSIl S 3 (gl ol 1 LlS
ol Copde g (Alb lp bsy 25509) S pilie 2lsma] Ol Sl sl ore e (U301 51 ol llyy (295 )
b 2B psbar b ol Jlamtl (cloailobs 3,Slas S oo 00l 8 515 1) orldl slacunlad pas b Gl ISl &8 Conlaailols
35T (g 48 potyiygyio 5 ligebl Cllb ) s & el (ol (Slaie; sl 45l 1 o el Oglite IS0 4 g
Ol gl Cupde ) ore B (65 o)lS) 5l ol Olly, talS 5 s pd bl 4 (Sianly (el L laailob ol S o
L (glyy (&S sloi g phite (500K S oo o) iz d2lge (gyed 0 Sloc M b o 5aS b o Liblis )3 0294
i dnnogs g JolS5 b sl Sl o by i) (il b olbas 0 bl ] &S i) 5 lisabol g ilobus ylinabol ol
ol oo 5l umd (RIBH s ply )3 rglob Slgioe 55 s ed S350 3 bl ol slaer sladilols plool
Sl o oS 598 (sladilob (b 4 (slel (slagdgy g o (e (siloard G2k ) liebl cubls Ll g 4505 bl sy
3o 4 gal (ola oy ol 00 Jods (an g0 o 4 O D908 &S o] S o S S o |y olgmg] Ol s
23k 29500 5yl 5 Sl Ol o pte (gl punly 4y oo g 03,8 ailalST ) san] el (ol ol Jlastinl Llsb (sladilol
5 oslid sl iy ite laculuw & byt ohl o (yglaer slaaiboles labl Clll g ()b s (Bige (Sl oM
@ by g Ol Jlub Copte 4 oliwd lp bbb opl 39>y [INVIVSRI e bl b cnlize o pde (slaogud oy i

sl (6908 sl lomal Sy ) 26 sl il

M sl

cd,3 anlgd )18 Lad] s Jgtue sdiuss b asle )b 5l imgs cpl ) osd eolil gl o lesls tad]d dy | ow pawd

2185 Jlo colen g o plosl sl imgs B 5 )8l z Jlo Colos

ol 005 42315 5 plonl ol jhame (60l Laugt dllie Cilisen (gl 25k 25 dianns 95 5, Lo

)5 g ol s g cllee Ll g (555 (ogad 3 (blie SlaT 45gS 7 45 K5 e pMel Allis ol B st g 1y 5 Mn o7 28l ST
e (1098 5 S dilagens i oyl p e gl g ol b Sl ol (sl ol (g Ao 1 alio (ol oty 16,135 wlow

&b

lodilolo Lo uiidiS guandil el oyl gluoy o)L o L5)9Té‘°'-> sladilols dodign oo (VFrY) (oold (bjlaxe L)
https://civilica.com/doc/1773183 .5 g0 %Kg/’a.éw

ol r S e ) 5 ) pbicty e ) e o Jlaid Sl b e (1F1) g5l cpbons ¥
https:/civilica.com/doc/ Y YVY' YAL 5900 S/ ol slodtiloles

References


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

(VFF OY sls F o)) 31k Sl ok lrdilobw VY

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Abdulla, F. A., & Al-Shareef, A. W. (2009). Roof rainwater harvesting systems for household water supply
in Jordan. Desalination, 243(1-3), 195-207. doi:10.1016/j.desal.2008.04.001.

Adham, A., Abed, R., & Ritsema, C. (2021). A Reliability Analysis of Rainwater Catchment System. Water
Resources, 48, 361-367. doi:10.1134/S0097807821030027.

Akter, A. (2023). Rainwater harvesting for potable water supply: Opportunities and challenges. In The
Handbook of Environmental Chemistry (Vol. 124). Springer. doi:10.1007/698 2023 1018.

Amos, C. C., Rahman, A., & Gathenya, J. M. (2016). Economic analysis and feasibility of rainwater
harvesting systems in urban and peri-urban environments: A review of the global situation with a special
focus on Australia and Kenya. Critical Reviews in Environmental Science and Technology, 41(23), 2097-
2167. doi:10.1080/10643389.2010.497422.

Appan, A. (2000). A dual-mode system for harnessing roofwater for non-potable uses. Urban Water, 1(4),
317-321.

Butler, D. (2019). From rainwater harvesting to rainwater management systems. In New Trends in Urban
Drainage Modelling: UDM 2018 11 (pp. 3-9). Springer International Publishing.

Chen, Y., Samuelson, H. W., & Tong, Z. (2016). Integrated design workflow and a new tool for urban rainwater
management. Journal of Environmental Management, 180, 45-51. doi:10.1016/j.jenvman.2016.04.059.
Corneliussen, A. (2018). Rainwater harvesting at the University of Arizona: A cost-benefit analysis, Case
study and research paper on two buildings on campus. Retrieved from the University of Arizona repository.
Eyni, S., & Deletic, A. (2023). Urban rainwater utilization: A review of management modes and strategies.
Frontiers in Environmental Science. doi:10.3389/fenvs.2023.1025665.

Fioramonte, B., Campos, M. A. S., de Freitas, S. R., & Basso, R. E. (2022). Rainfall data used for rainwater
harvesting systems: a bibliometric and systematic literature review. Journal of Water Supply: Research and
Technology-Aqua, 71(7), 816—834. doi:10.2166/aqua.2022.034.

Ganthavee, V., & Trzcinski, A. P. (2024). Artificial intelligence and machine learning for the optimization of
pharmaceutical wastewater treatment systems: a review. Environmental Chemistry Letters, 22, 2293-2318.
Gee, K. D., & Sojka, S. (2022). Maximizing the benefits of rainwater harvesting systems: Review and analysis
of selected case study examples. In Resilient Water Management Strategies in Urban Settings: Innovations
in Decentralized Water Infrastructure Systems (pp. 77-117). Cham: Springer International Publishing.

Goh, Y. C., & Ideris, M. (2021). Tangki NAHRIM 2.0: an R-based water balance model for rainwater
harvesting tank sizing application. Water Practice and Technology, 16(1), 182—195.

Gonzalez, O., O'Rourke, H. P., Wurpts, 1. C., & Grimm, K. J. (2018). Analyzing Monte Carlo simulation
studies with classification and regression trees. Structural Equation Modeling, 25(3), 403—413.
Gwozdziej-Mazur, J., Jadwiszczak, P., Kazmierczak, B., Kdozka, K., Struk-Sokotowska, J., Wartalska, K., &
Wdowikowski, M. (2022). The impact of climate change on rainwater harvesting in households in Poland.
Applied Water Science, 12, 15.

Hanson, L. S., & Vogel, R. M. (2014). Generalized storage-reliability—yield relationships for rainwater
harvesting systems. Environmental Research Letters, 9(7), 075007. DOI: 10.1088/1748-9326/9/7/075007.
Herrmann, T., & Schmida, U. (1999). Rainwater harvesting and management — policy and regulations in
Germany. Water Science and Technology, 13(2), 376-381.

Hofman-Caris, R., Bertelkamp, C., de Waal, L., van den Brand, T., Hofman, J., van der Aa, R., & van der
Hoek, J. P. (2019). Rainwater harvesting for drinking water production: A sustainable and cost-effective
solution in The Netherlands. Delft University of Technology. Retrieved from the TU Delft Research Portal.
Huang, Z., Nya, E. L., Rahman, M. A., Mwamila, T. B., Cao, V., Gwenzi, W., & Noubactep, C. (2021).
Integrated Water Resource Management: Rethinking the Contribution of Rainwater Harvesting.
Sustainability, 13(15), 8338. doi:10.3390/su13158338.

Intergovernmental Panel on Climate Change (IPCC). (2022). Climate change 2022: Impacts, adaptation, and
vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press. doi: 10.1017/9781009325844.

Islam, M. R. (2023). Factors influencing economic benefit of rainwater harvesting: an empirical analysis.
AQUA—Water Infrastructure, Ecosystems and Society, 72(1), 32-48.

Judeh, T., Shahrour, I., & Comair, F. (2022). Smart rainwater harvesting for sustainable potable water supply
in arid and semi-arid areas. Sustainability, 14(15), 9271.

Khanal, G., Thapa, A., Devkota, N., & Paudel, U. R. (2020). A review on harvesting and harnessing rainwater:
an alternative strategy to cope with drinking water scarcity. Water Supply, 20(8), 2951-2963. doi:
10.2166/ws.2020.264.

Komeh, Z., Memarian, H., & Tajbakhsh, S. M. (2017). Reservoir volume optimization and performance
evaluation of rooftop catchment systems in arid regions: A case study of Birjand, Iran. Water Science and
Engineering, 10(2), 125-133.

Martinez-Acosta, L., Lopez-Lambrafio, A. A., & Lopez-Ramos, A. (2019). Design criteria for planning the
agricultural rainwater harvesting systems: A Review. Applied Sciences, 9(24), 5298.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

"y e b ST 6 glen sBailele (ylsab! il Sl g 41355 32 (5595

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Memarian, H., & Tajbakhsh, S. M. (2023). Role of rainwater harvesting for improving the human well-being
and ecosystem services. [ranian Journal of Rainwater Catchment Systems, 10(4), 13-28.

Memarian, H., Hossein Nia, A., Tavasoli, A., Komeh, Z., Tajbakhsh, S. M., Abbasi, A. A., & Parsayi, L.
(2016). Health and environmental considerations of rooftop catchment systems (Case study: Aq Ghala,
Golestan Province, Iran). Water Harvesting Research, 1(1), 1-11.

Memarian, H., Komeh, Z., Tavasoli, A., Tajbakhsh, S., Abbasi, A. A., & Parsayi, L. (2017). Socio-economic
considerations of rooftop catchment systems (Case study: Golestan Province, Iran). Water Harvesting
Research, 2(1), 1-12.

Memarian, H., Tavasoli, A., Tajbakhsh, M., Komeh, Z., Abbasi, A. K., & Parsayi, L. (2015). Technical report:
A guideline for designing and optimizing rainwater reservoirs in buildings (Case study: Golestan Province,
Iran). Iran. Iranian Journal of Rainwater Catchment Systems, 5(4), 55-68.

Memarian, Hadi (2022). Intelligent management of rainwater harvesting systems based on the internet of things,
The 11" National Conference on Catchment Surface Systems Bojnordehttps://civilica.com/doc/1773183 [In
Persian]

Memarian, Hadi (2022). Software for designing rainwater harvesting systems from roof surfaces (framework
and requirements), The 1[1Ith National Conference on Catchment Surface Systems<Bojnord,
https://civilica.com/doc/1773184 [In Persian]

Morales-Figueroa, C., Castillo-Suarez, L. A., Linares-Hernandez, 1., Martinez-Miranda, V., & Teutli-
Sequeira, E. A. (2023). Treatment processes and analysis of rainwater quality for human use and
consumption. International Journal of Environmental Science and Technology, 20, 9369-9392.

Miiller, T. M., Leise, P., Lorenz, 1.-S., Altherr, L. C., & Pelz, P. F. (2021). Optimization and validation of
pumping system design and operation for water supply in high-rise buildings. Optimization and Engineering,
22, 643-686.

Murillo-Alvarado, P. E., & Cérdenas Gil, M. A. (2022). Rainwater harvesting systems that reduce water
consumption with optimal locations of solar concentration power plants. Frontiers in Energy Research, 10.
Nyahora, P. P., Babel, M. S., Ferras, D., & Emen, A. (2020). Multi-objective optimization for improving
equity and reliability in intermittent water supply systems. Water Supply, 20(5), 1592—1603.

Ortiz, N., & Rao, S. (2024). Review of Rain and Atmospheric Water Harvesting History and Technology.
Oxford Research Encyclopedia of Environmental Science. doi:10.1093/acrefore/9780199389414.013.613.
Ostfeld, A. (2012). Optimal reliable design and operation of water distribution systems through
decomposition. Water Resources Research.

Pacey, A., & Cullis, A. (1986). Rainwater Harvesting. London: Intermediate Technology Publications.

Pari, L., Cozzolino, L., & Bergonzoli, S. (2023). Rainwater: Harvesting and Storage through a Flexible
Storage System to  Enhance  Agricultural  Resilience.  Agriculture, 13(12), 2289.
doi:10.3390/agriculture13122289.

Paxton, P., Curran, P. J., Bollen, K. A., Kirby, J., & Chen, F. (2001). Monte Carlo experiments: Design and
implementation. Structural Equation Modeling, 8(2), 287-312.

Preeti, P., & Rahman, A. (2021). A Case Study on Reliability, Water demand and economic analysis of
rainwater harvesting in Australian capital cities. Water, 13(19), 2606.

Preeti, P., & Rahman, A. (2021). A case study on reliability, water demand and economic analysis of
rainwater harvesting in Australian capital cities. Water, 13(19), 2606.

Qi, Q., Marwa, J., Mwamila, T. B., Gwenzi, W., & Noubactep, C. (2019). Making rainwater harvesting a key
solution for water management: The Universality of the Kilimanjaro Concept. Sustainability, 11(20), 5606.
doi:10.3390/su11205606.

Rahman, A. (2017). Recent advances in modelling and implementation of rainwater harvesting systems
towards sustainable development. Water, 9(12), 959. do0i:10.3390/w9120959.

Rahman, A. (2017). Recent Advances in Modelling and Implementation of Rainwater Harvesting Systems
towards Sustainable Development. Water, 9(12), 945.

Rahman, A., Yildirim, G., Alim, M. A., Amos, C. C., Khan, M. M., & Shirin, S. (2023). Rainwater harvesting
systems to promote sustainable water management. AIP Conference Proceedings, 2643(1), 020001.
Raimondi, A., Quinn, R., Abhijith, G. R., Becciu, G., & Ostfeld, A. (2023). Rainwater harvesting and
treatment: State of the art and perspectives. Water, 15(8), 1518.

Raimondi, A., Quinn, R., Gnecco, 1., & Ostfeld, A. (2024). New advances in rainwater harvesting and
treatment. Water, 16(11), 1591. doi:10.3390/w16111591.

Ray, R. L., Sishodia, R. P., & Olutimehin, T. (2022). Rainwater harvesting for sustainable water resource
management under climate change. In Q. Tang & G. Leng (Eds.), Climate Risk and Sustainable Water
Management (pp. 374-400). Cambridge University Press. doi:10.1017/9781108787291.021.

Razali, M. H. H., Puteh, A. Q., Sulaiman, A. H., & Yatim, M. H. M. (2023). Smart rainwater harvesting
system for sustainable agricultural irrigation and drainage system. In M. Sultan (Ed.), Irrigation and Drainage
- Recent Advances (pp. 1-20). IntechOpen. DOI: 10.5772/intechopen.104442.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html

[ Downloaded from jircsair on 2025-08-24 |

[ DOR: 20.1001.1.24235970.1403.12.4.9.8 ]

(VFF OY sls F o)) 31k Sl ok lrdilobw \wYy

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Rodrigues, A. M., Formiga, K. T. M., & Milograna, J. (2023). Integrated systems for rainwater harvesting
and greywater reuse: a systematic review of urban water management strategies. Water Supply, 23(10), 4112—
4125. doi:10.2166/ws.2023.240.

Ross, T. T., Alim, M. A., & Rahman, A. (2022). Community-scale rural drinking water supply systems based
on harvested rainwater: A case study of Australia and Vietnam. Water, 14(11), 1763.

Shiguang, C., & Yu, Z. (2021). Water saving potential and economic viability assessment of rainwater
harvesting system for four different climatic regions in China. Water Supply, 21(1), 386—400.

Shin, S., Lee, S., Judi, D. R., Parvania, M., Goharian, E., McPherson, T., & Burian, S. J. (2018). A systematic
review of quantitative resilience measures for water infrastructure systems. Water, 10(2), 164.

Shokati, H., Kouchakzadeh, M., & Haghighi Fashi, F. (2020). Assessing reliability of rainwater harvesting
systems for meeting water demands in different climatic zones of Iran. Modeling Earth Systems and
Environment, 6, 109-114.

Siddique, I. (2021). Sustainable water management in urban areas: Integrating innovative technologies and
practices to address water scarcity and pollution. The Pharmaceutical and Chemical Journal, 8(1), 172-178.
Silva, L. P., & de Souza, F. T. (2019). Rainwater Management, Sustainable Urban Growth, and Climate
Change. In Encyclopedia of the UN Sustainable Development Goals. Springer. doi:10.1007/978-3-319-
71061-7_39-1.

Silva, M. P. D., Gonzilez, J., da Costa, B. B., Garrido, C., Soares, C. A., & Haddad, A. N. (2023).
Environmental impacts of rainwater harvesting systems in urban areas applying life cycle assessment- LCA.
Engineering, 4(2), 1127-1143.

Stys, D., & Stec, A. (2020). Centralized or decentralized rainwater harvesting systems: A case study.
Resources, 9(1), 5.

Sojka, S., Younos, T., & Crawford, D. (2016). Modern urban rainwater harvesting systems: design, case
studies, and impacts. Sustainable Water Management in Urban Environments, 209-234.

Teston, A., Scolaro, T. P., Maykot, J. K., & Ghisi, E. (2022). Comprehensive Environmental Assessment of
Rainwater Harvesting Systems: A Literature Review. Water, 14(17), 2716.

Thomas, A., & Liithi, C. (2013). Rainwater harvesting and management — policy and regulations in Germany.
Water Science and Technology, 13(2), 376. doi:10.2166/ws.2013.030.

Toosi, A. S., Danesh, S., Tousi, E. G., & Doulabian, S. (2020). Annual and seasonal reliability of urban
rainwater harvesting system under climate change. Sustainable Cities and Society, 63.

United States. (2011). Environmental Protection Agency. Region IX., United States. Army. Corps of
Engineers. South Pacific Division, Resources Legacy Fund, Camp, & Dresser & McKee. Climate change
handbook for regional water planning. California Department of Water Resources.

VS, J., & Jacob, R. S. (2023). Traditional Rainwater Harvesting Systems in the World. In Traditional
Rainwater Harvesting Structures (pp. 15-33). Cham: Springer Nature Switzerland.

Wartalska, K., Grzegorzek, M., Belcik, M., Wdowikowski, M., Kolanek, A., Niemierka, E., Jadwiszczak, P.,
& Kazmierczak, B. (2024). The potential of rainwater harvesting systems in Europe — current state of art and
future perspectives. Water Resources Management, 38, 4657-4683.

Xu, J., Dai, J., Wu, X., Wu, S., Zhang, Y., Wang, F., ... & Tan, Y. (2023). Urban rainwater utilization: A
review of management modes and harvesting systems. Frontiers in Environmental Science, 11, 1025665.
Xu, W. D., Fletcher, T. D., Duncan, H. P., Bergmann, D. J., Breman, J., & Burns, M. J. (2018). Improving
the multi-objective performance of rainwater harvesting systems using real-time control technology. Water,
10(2), 147.

Yildirim, G., Alim, M. A., & Rahman, A. (2022). Review of rainwater harvesting research by a bibliometric
analysis. Water, 14(20), 3200. doi:10.3390/w14203200.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html
http://www.tcpdf.org

