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The mountainous regions of Eshkevar-e Rudsar, renowned as a major center for
hazelnut cultivation and medicinal plant production in Iran, face persistent
challenges in securing sufficient water for both agricultural and domestic
purposes. In these highland areas, rain and fog serve as valuable sources of
water, and local residents have developed various rainwater harvesting systems
to make optimal use of environmental resources. This article explores the
potential of fog water collection systems implemented in the mountainous
village of Saravarsoo, Eshkevar-e Rudsar, which has an average relative
humidity of 63.7%. Continuous monitoring of metal mesh fog collectors over
365 days recorded 69 foggy events in the area. On average, the total amount of
water collected per m? was 500 L year!, with a mean daily yield of 7.37 L m™
day'. The highest monthly collection was observed in December (12.4 L m™
day™), while the lowest occurred in February (1.5 L m™2 day™). Successful
implementation of fog water harvesting projects depends on both technical and
social factors, including fog frequency, wind speed and direction, fog moisture
content, topography, community water needs, and local participation in the
installation, monitoring, and maintenance processes. Given its low installation
and maintenance costs, fog water harvesting, alongside rainwater collection
methods, offers a sustainable and practical approach to addressing part of the
water demand in vulnerable mountainous regions.
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EXTENDED ABSTRACT

Introduction: Rainwater harvesting systems are a method for more optimal use of precipitation resources with
the aim of increasing the quality and quantity of water storage in reservoirs or plant root expansion areas. To
provide the water needed during the critical months of the year for agricultural purposes and drinking water,
residents of the Eshkevar region of Rudsar County use various rainwater harvesting systems, including
collecting rainwater from the roofs of houses, creating surface water harvesting surfaces with pools, and
constructing an eyebrow-shaped terraces system around hazelnut trees to trap runoff and manage green water.
Extracting water from fog and air humidity is also of great importance as one of the modern and sustainable
methods for providing water resources in areas with a shortage of water resources, and also in drought
conditions. The deployment of fog harvesting systems is carried out in mountainous and less developed regions
of many countries. Water harvesting from fog and air humidity has various advantages compared to other
methods. In this article, water collection from fog in the mountainous areas of Eshkevar in Rudsar County was
carried out to investigate the possibility of extracting water from fog and increasing the resilience of the
residents of these areas in the face of the water shortage crisis. The existence of areas with more than 50 days of
fog in these areas has provided a good opportunity to collect it for drinking and gardening purposes. In
summary, it can be said that considering the abundant potential of fog and humidity in the northern regions of
Iran, water collection from this source is an important step in providing water of suitable quality for drinking,
irrigation, and other uses.

Methodology: Eshkevar is a mountainous and summer region located along the Alborz mountain range.
Saravarsoo village is located at an altitude of 1350 masl in Rahimabad district, Rudsar city, Guilan province. This
village is located in a mountainous area. Locating the installation of fog water collection systems was the first step
in this study. The best method for selecting places susceptible to fog water collection is to use meteorological maps
and data, which can be used to determine the location of the air humidity collection systems by extracting the
number of cloudy days in the study area. Knowledge of the prevailing wind direction also has a significant impact
on the success of the project. In addition to using meteorological data, utilizing local knowledge, the experiences of
farmers and leading operators in the region, and considering their observations, greatly contributed to the
appropriate deployment of the systems. In general, to select the location for the project, attention should be paid to
the technical and social requirements of the location of the systems. Next, the necessary equipment was prepared to
design and build 1x1 m metal mesh curtain collection systems, as well as to transport and store water. The
construction of fog water collection systems was carried out at the Soil Conservation and Watershed Management
Research Institute. A collection was carried out by installing water collection tanks, and the volume of water stored
in each of the collectors was measured with a graduated beaker, to monitor the rate of conversion of air humidity
into water and determine the volume of water.

Results and Discussion: A one-year (2021-2022) survey and monitoring of water collection from metal mesh
fog collection systems recorded 69 fog events in this region. The total amount of water collected per m? from
these collectors averaged 500 liters per year. In those events, the average collector performance was 7.37 L m™
day?. A survey of the average collector performance showed that the maximum monthly collection was in
December with 12.4 L m day™ and the minimum was 1.5 L m? day* in February.

Conclusion: Rainwater harvesting is a local measure to ensure livelihoods and empower rural communities with
the participation of the people. In the mountainous village of Saraversoo, with an altitude of 1350 m above sea
level, collecting rainwater from the roof catchment and storing and using it in various cases, as well as
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collecting and storing runoff from the slopes and using it in agriculture are two examples of utilizing rainwater
in the sustainability of water resources. In implementing the water harvesting project from fog, it is important to
pay attention to technical and social requirements such as the frequency of fog occurrence, wind speed and
direction, moisture content of fog, topographic features, people's need for water, and people's participation in the
implementation, monitoring, and maintenance of the project. The design and construction of fog collection
systems should also be carried out in a way that, while being simple and low-cost, it is practically possible to
deploy and operate them. Thus, improving the efficiency of these systems in accordance with the natural
conditions of each region will lead to the expansion of the use of this method in susceptible areas. Therefore,
providing appropriate management and promotion solutions to establish low-cost systems for the users of these
areas to benefit from this environmental capacity can be a suitable solution to deal with the water shortage crisis
in the region. Comparing and examining the value of fog water collection systems with other water production
sources from an economic, social, environmental and commercial perspective is advisable. Due to the low cost
of implementation and maintenance, fog water harvesting, along with other methods of rainwater harvesting,
can be considered by planners as a sustainable option to meet part of the water needs of susceptible areas.

Ethical Considerations
Data availability statement: The datasets are available upon a reasonable request from the corresponding author.

Funding: This research was funded by the Soil Conservation and Watershed Management Research Institute in
the form of a completed research project with code 2-58-29-029-990704.

Authors’ contribution: Kourosh Kamali conducted all parts of the research and wrote the whole article.
Conflicts of interest: The author of this paper declared no conflict of interest regarding the authorship or

publication of this article.

Acknowledgment: The author of this article is grateful to the Soil Conservation and Watershed Management
Research Institute & Guilan Agricultural and Natural Resources Research and Education Center.


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.6.0
http://jircsa.ir/article-1-598-fa.html

[ Downloaded from jircsa.ir on 2026-05-28 |

[ DOR: 20.1001.1.24235970.1404.13.3.6.0 ]

— g y9l pow (Sl y 163590 axlllan) (SLiwdsS (sblo ;3 Slul (ol duie fa0 51 T (5000
(3039 (3l a1 59501

©% JUS hys8

Wnl ) w3l sy 5 Shigel Wlaios plols (S il (b glie 5 65,0l Sjgel 9 Sliod S50 gy okl )

kamali_kourosh@yahoo.com

CXVCES Al Olaswin
D o aBld (9uS og)h LS g S dmwg chad lgiedy a5 OlyeSsl SluagS ble ) o o
@l Cumge | pSoye b b Ol el Grizen 5 £l 5 SEL i 3590 Ol el gy gy
plos 5l eolib ).Sj zokbw goite gdiloln 1 odlatwl b bl () (Sl .l i g0 40 g )b
b dlio cul o Bpe oy oL Bilas dly Sl 090 Ol el pslatons Jame slacud b Alis doesey b

Ol )5Sl @l Sl gus gl SliamsS (sbiugy )3 a0 5 O (glody oaiS ez sloailob )l izl
W) )3 dag 90 e alojw (ul Jl GSose oy FYIV (s ughy (6Kl b pudg,
590 VPO (b (538 (65 b e ) Ol Jlaseial (sladilols 5l o1 b slaedly (il 5 )2 -
o ol § aeyosio sb sl o syglaen O S e 3905 i alat oyl 5o |y s5llas axly £
2 @yeyie ;D il VIVY oaisS pen 3,Skes bawgio mBs cpl 13 g Jlw jd g 8ee 51 i boaiss
oloydl 55 wilale cuilyy Hluie yiSlas oS ol (lis lmosiiS ger 3,Sdoe bawgio (w)p ol Cunddy g,
oo ll 2 2 ole e )3 (595 ansesie 1) VB ol JBlao g (59, Lasye o 1) MYIE L
ol Caz g Copo o g5y Gl omen olezl g (B Ol 4 g 4o )l Ol Jlasl
IS5 5 il Al 3 paje eS8 lie 5 O 4 poye Sl (S0 sla Sy e Lgb, (slyie
iy lo S ) (oS g al Suil atyze ibas 4o 5l o eyl Coanl Bl 0y
30 cdaiame Gblio o 5L 5l isu wel )3 b auiS G g Sl e oLl Ol Jlassl

25 )8 Olpaely args

VYo ¥ oo VBl y0
Vo bl Y g ,S50
V¥ LY
V¥ LYY shs L)

fgals glaejly
4o oS b (655l g,

s e Sl g5l = gus gl (Sliang 26390 adllas) SliamsS” Gblio )3 Junly (ol asto fa0 J) OF (gyglgan (VF0F) 208 (JloS ol
NeF=AY (DY Ghb uSf sbow (clodilols (yuwds,

DOR: 20.1001.1.24235970.1404.13.3.6.0

Al b S gl slapiamw ole ool 1,50

S s s D ©

Ol ey (55,9U8 @95 5 Ubjgel «lidos lojles (M (il (xnb e g (55,9LiS ol 5 Dlasios S e 1 S

SANVYSA-OY 5 yil

kamali_kourosh@yahoo.com : Sig ySJ1 Conny



https://orcid.org/0009-0003-5354-2110
mailto:kamali_kourosh@yahoo.com
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.6.0
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.6.0
http://jircsa.ir/article-1-598-fa.html

[ Downloaded from jircsa.ir on 2026-05-28 |

[ DOR: 20.1001.1.24235970.1404.13.3.6.0 ]

10 lamgS 3blo 13 Jluly (ol & ta0 I OF (55900

doddo

5 i 1 O 0pdd CoaS 5 S Ll Ban b Slewl @Y mlie 5 goslhas oslimal (gl by bl o 6yslres cslaailole
Sy b g opes slabe, jl S olpeds lgn cogb; 5 4o 5l Ol Jlaul (Brooks et al., 1991) cuwl olS adyy (b yiud asb b
5 B sl lid) Canl oy (Yl Cmnl Jl JLSitS oy Ll 3 cizen g ol e 39S b bl )3 o lie (el
Sl ol ) o5 40 ccpolidlon 55 ) w3 o S5 | Sl 3blio (555l5,en 55 HB ik o (WY oo San
500 oSyt lsm 15 Sgvse Ul o pinds dbai 4y lod 55 g lgn gy Ltalsél L .(HOUZE Jr, 2014) 1S o youe cymoj peaws j1 &5
Tuetal, ) col yiogySuo Vo do Jgeme clyad a8 695 0 JuSuis M40 lgic ot yieg Suo ¥o 1 S5 Had 4y 3lae O o
Syl g qle ol p)5 /O +/ <0 1 Yoano cho canSon o Ky 3 -l 05 LS5 mlo jyy ol ad 51 4o (2018

5 Syglaen By buwg ao O ] 3 a8 Sls 93,5 0 5b g 15,0l o (INCA) o) (695l el 0 a0 3l T Jlasil (5ol adlus
03ls )] s O ke lgisd e 3l Ul (gyglaes sl Slglyd dalsd 55 canls (ISMail and GO, 2021) was e 0,5 3l )
2o b s bl (oS e Jlio lie 4 ul 0355 s Lawsss do (g glnan ccloailobu syl el el elog b Lisple)l o
(Henschel and Seely, 2008 ;| J& 4 Domen et al., 2014) wloss [k o Juo VY &Vl (Sx)b b clashio )3 ae Ol (g4l
alds g dgllas Ol (g olaen a8l o oxiligy Gl cawgd O (glay Ko p b a5 0ad JuSs 33,501 aws S 1 Srguo iy
LS o SaS Savgu lod & by St s 3l o ool (gla JUIS slazel > o

ot | odlital bl gy ool S ol (aeg MB pze (sslaer e il (gloypdS 3 00l 2l (slaofgyy ()
ol 0581 oo 350 el (ol 3blio 53 oy Ol (6peSIS 04) aoly yo 1 o) )3 1 V0 ee b lgiee lon gl Ll

5 b 091551 dissls (e ¢ 8 pon clos g e Sl (0 ol sl plaz 5 (Alie sloygidS 3 (gt ) b lacled
ket s Sizs sl sblie ) ol ol Jlastiul piaw (30 )84 b YAAY Jlo 0 Jie olgieds 5gd 0 plsl b 55 5L

S )3 900 gmino gt Casho Sl Ol sl o9 0055 )5 lsisar o 05y ol A5 a5 Ol 2l WY Lawsgto yoboa; il
o Jols S pp 4 g Cagbo) S oiSxen Br (el 3 sl o bl (i 598 Sl (65 50 g )3 (SliwngS alaly
International Development Research Center, ) slosd caal Cul 0391 @ y0 50 YA o 4y log b BUIN aSs 5l Caclias &Y
Casby 1 T Jlasiol 0355 o £ yslaas 53 clooliiws cuai b fcusl 0ad aly slos £l)> @ pslne ;3 45 los )5S 55 (2003

0)50 Sy (glyr aS oy s 039y cpl 5l ol guls b asliS Talals o 4y o)y o Veer JIQev dgus  clasl oS )lals ddlais ) lgn
5l laods (V) Jgas > (Abdul-Wahab and Lea, 2008) cul 034 595 y3 @pesio y yid Yo dgd odal Cawdes Ul lado dnle 4w
wlobw |yl (gadge cpl > a5 B 4G (Domen et al., 2014) cowl ol lga oo slagy Ko (sly o 5l Ol cuslyy Juwils
3 Sed slagsbe b awlis ) Lo (dlsn Sl ol bl .l g () gy jnS g SlwnsS bl )3 40 gpglaen sl
5 sy Gble > o ST g lp ey o aulp cul culposMe sl JIags s (58 9l 5 jote ) ke sllse
[(Danismaz and Alhurmuzi, 2021) cul ol oS Sos8 sleoliingsn

Gliseo aalio I U 4 (Domen et al., 2014) ke oo K0 (5l a0 OF Cuild p Janiliy 1 glaoYs - Jou>
Table 1- Summary of water harvesting potential for selected locations around the world (Domen et al., 2014) citing
various sources

(55 5) csaymsio ¥+ (sloosiS ga 3Slas Luogio Juo 3 ogflo gliy sas *{35guye il i) 3Slas buogio e
184 80 46 s ki3l
272 192 6.8 Jus
120 365 3 s
360 210 9 o
800 77 20 oles
380 230 95 &l
96 120 2.4 el
160 45 4 s
284 141 7.1 LiS]e

sellae (wlels) @By Jobo )3 5,Slas bawgiott


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.6.0
http://jircsa.ir/article-1-598-fa.html

[ Downloaded from jircsa.ir on 2026-05-28 |

[ DOR: 20.1001.1.24235970.1404.13.3.6.0 ]

(VEF O als ¥ o)led) oyl 58T ol salolw a5

elmosls i) sl 5 i o] Ggt 3 lsn Casb 5| O sl ot ool il )3 (WWAD) ofyKan 5 (s3905xe
52 1 gy 5| Jasmiol Ul e bizges 351 Al Yo (g)lel 033 S sl |y el oSl byl g (osmsd gy el i L
oyt 03iiS ga ) 3} Moaocial U1 e 05 23S |yl dls yo &y g Sl qayesio VEY Sl & (lody 018 s Sy Lawgs
sl sy (60ke ey (] (B0 g g a0y LS (695 Sl I Jols gols A5 cud o) YPO ©s a4y g 4,
Sy 13 s ol 3Sle oS 2l it aalllas oyl 5l ol gl ot sl Iy gl 51 ] Jlaseial oo (gl dnno YL
il 4 ] & dngs b Lol sied 8 ANl 58 3 5 )5 YA clls g 5isbo e 3 dllas 390 dllais (glon orSiaio
5 Sl pialej] (b oge3 cpslaer |y g2 )3 dgrge Cuglo) den el s baulpd st 5 9 03gr atly e Ll 4 O
bl cplpls e Juastuwl dilaio (pl 3 1) la )3 35350 Ol 5l dopd Ve dgds )lg5 0 &S Mb asuiie 29390 (gl jlo] () p
b et ol 4 bgaye o] o 025 05 9 59 23 @pesie st NP Lolop elo 4y bgypo Jlametsl Ol Jlade (5 st il ()
(e Cagby bl 4 i b Glnl 3y gz 53 o8 b U adlllae ool I ol dou geme 53 sl jg) 3 @peie 2 i W
Sleliyl )3 205 s lgn gl 5 Ol Jlamtsl Cap polie bulyd ol polie bj5 5 Jlo pbl ghe 0 20y Ve (oYL
Mousavi-baygi, ) cusl osd 63903l e | I oaiiS gen sladilels cubls Jld Gl gl 5 50d8 §pb Jload SliwdsS
32 b ol 5 ol 423l U el bl gpayto )3 1) IV B o/ s &, iboles ol e stimaly ol gl sillao (2008
VO oy b (Y4IY) RaNIMI .l oas aST o] lossly Vb s cons calisie glagyb 5 (390 o5yl g alobes ol 3,08
S sl 03905 155 4 5 o Jlasmtol bl s (Y20 B AR5 ) Wl ¥+ ke ol 13 ] 9uiS awlilod (SKityginms ol
oLl (Jolo 3blia )> 4o (slajg) sla (Aljal Jlie p> Sl 3blie )3 ao (slajg ol gy (Bl @ (iagh cnl )3 59
a0 Juad Jobo 0 st cdo bolyom 59y VIV b 26 0032 5 59, VY« L il ol 598 )5 gl ol Gillae (oo ol 03503
Wy,

by ol Jud)l cubs 4,55 by cogb, (gl sladl 3959 Lol oo 45 ol ol dilaie )5 ae | Ol Jlascil | o)l
i) e (slag; S (36 YL (Sl Jobo )3 (80,3 Vo 1 ) (ommd Caagy 0S0lo 9Vl 05 (e (VF-Y) 005 9 S9S
2y by 3 ol ol VL (G55 g (4B e ¥1F (eSike sboa) ol sl cs s izer 5 (Jlo poe S
oS 2ol Cuwdty guypayto > I VIF L ply do 85 0090 )3 0nd gan Ol wilig; :Silis )l 39y dllato cpl & (5399 40 (Syglen
Sl oad goglaer O (S 5 (o8 @B & 2l I by amde ol |y Jod BB ke aliio slaoyy @l b awglie 5
3 )8 deg 3)50 dilaie o slajl ) ot el Sl g0 9 039 s dilato ) a5l Ol Jlaseil glag b

sl Jlo Gl slaole 13 5l 3y90 O (el jglaios gus gl (sliagy alox 1 g puudgy s o 555 SliwmsS aidlato S
ol daals pb gdaw I gLl G yglaer dloa 51 ohl 1Sl ol e slaaibols jl pd Ol el 5 559l Bl
s ol St g QUlg) gluilals pglatoy Gud 5 )> LI 5> ol S ol ol el dsi b (iejyy 1Sl sl
& (ooyid Ol (B S sl Shy i & jusg) (liw el Sl dilaie JlinsS glalivg) | (S p3 A8 e ool
BB ol amlie ol plicaty 1 bl o glanr s palid (rnb lbaads b g loailiog, aw 5 ejj o abie
Ol 33 g Colum &l LS 13 34390 35 4 3gb 93 b K oyl 5l il osd (gyglaen b O ol SlnS Jidne p yel
b ol o5 oml Jda 55 0S5 3 9 B Gl e oglye liaS Gblio )3 03a9 ) (b Jlad (2l )3 29500 0y
b Bilas gl bopl ety Sl ol O spslana (iwoins ol wlie (9 495 5 (e ST il CudS rizen 5 el
soSebl GliwngS dilaio ) Shol glaals lapl culy 5l ohb O (pglaen 8T (WWAY (JlaS 5 (6,8805¢) conl @l (KB
) JS) o 00 o5 (S Byl sl ol el gy o5 gt & puudg, (i e

03588 g (S ¢ BIUSS b ) 02 jloss ST ok I GMg (ShByg 5 (aw slablyy spslaes b inejg) 3l sk
OlS &)lje (eSS olel ISl (e 1 4y ol culan g (SLIE 5 )1 5 05,80 51 S s (55LSy 1 Gy SB (3900
S8 pSul gl Cpgoy e B0 pS aels Jsbo b (L1 ¢ JlaS) col oyl wal3 1) Ly cnl 348 Sl 5 (s
Crl Ol oizen (¥ JS8) Wgd o colia (5 J31 4 &S 0390 (148 (daw ol 0aiS a5 slasze (1900 (lie


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.6.0
http://jircsa.ir/article-1-598-fa.html

[ Downloaded from jircsa.ir on 2026-05-28 |

[ DOR: 20.1001.1.24235970.1404.13.3.6.0 ]

ay (Sl gS 3bUs 13 )l ol g ta0 31 O (G yglaon

_ el i IR = PR ER G P
g9l SBwg) 53 (g e B 51 ()b S JUassiw! 1 oaled =Y JSui
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Figure 3- View of the research area in Saraversoo Village, Rudsar County and Guilan Province
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Figure 4- A view of the deployment of fog water curtain collection systems in the village of Saravarsoo-Eshkevar
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Figure 5- A view of measuring water collected in tanks
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Table 2- The total amount of water collected in L m of metal mesh collectors with three replications during one-year monitoring
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Table 3- Water harvesting potential from fog in the study area during one year
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Table 4- Average performance of replicates and standard deviation of water collected from metal mesh
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N Range Minimum Maximum Mean Std. Deviation Variance
Statistic Statistic ~ Statistic ~ Statistic  Statistic Std. Error Statistic Statistic
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Figure 6- The number of foggy events recorded in each month during the one-year measurement period
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Figure 7- The average water extracted from the metal mesh curtain collecting system (Li/ m?/day)
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Table 5- The Cost of raw materials, supplies, equipment, construction and installation of a one square meter curtain
collector system in 2023
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Figure 8- Economic potential and effectiveness of water harvesting from fog in prone mountainous areas
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