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Figure 1. Location of VVazrood watershed in Central Alborz
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Table 1. Characteristics of Landsat 8 satellite images used in land use mapping

. o S5 48
@3y 9,45 o,lass < ()M) e Mo @)L (o @)U YV S o)lybLu
\EQ[ XY Y. ARAVIRY AN YR/ YIYY oLl A Cowsd

FAFY) 1 dpalono (V) alaly 31 o3lizl L y55ie jas
NIR-RED
NDV|m=—————

NIR+RED (V)

S elSl RED w35 308 ygobe wily LulSail NIR
o8
sboodly b (sl il AU 4 (o098 23 s (&)
05 ool (Y) ahles j ik il 4 DN egs) sae
{¥+)
Ly=M;* Qs + 4p (v)
Gk 350 Bl sy Jolo My b (b iy
9 o.&i’;o)ﬂ.ﬂf J)IJJUMl J9M Jmfw ﬂ)l.&o :Qcal
s 3y90 b (ol 3l ol :Ap 0 a8
Sly rodizmie (QUdg) slod & (b GG Jas (&)
&b 4 deg b esode oy slod 4 b (b s
sodly (el Ko g Ky yiel)ly 93 8,5,k 5 b SO
(VYY) 03 oalizal (¥) doles s (glo sale

TB-— 2
In(1+ %) ¥)

A

b Ky Ky wwawdd oylsale sdizvuw olids, sled :TB
5 coddd olgale sl 5] MTL L (sl S
Condd olomle oz b by snmd i Ly
il ol pua Slee » TB jlde (o2 a3lie
b pbsl (yej gaw Gibgy elalp (mind ol cnlple
A dwobre (F) dbolee olwly e mdaw (glod
:(Y"\)
LST=—2-* () *In(LSE) (%)
odiztiuw  plubgy slod TB (yoj zdow (glod :LST
b P il Guiboly zee Jsb (W ccwwsd o)lgale
(srdinds )lgi (LSE 5 SO
bl Olgi (92,5 ydate sly b (adadS oy ()
(¥0) 3 ealizul (8) alasly ;I 'LSE L Lab

LSE=0.004xPv+0.986 (@)

Sl g B by PV 5 o e ol HLSE
() aly Gosb 5l g Mibioo S g yho G o)) Hhde &
(Y0) L dwlbro

*)

NDVI-NDVImin
NDVImax-NDVImin

Pv=( )2

8190 3! Lomiw b paiio cljﬁw‘
Oy 65258 ok and

sbaojlgale sy pslad (B )5 4dd ang Gl
oloile oL 5 OLI sdizvaw & bgpe A cussd
0 Jpis) 35 45 WA Jlo (sl el (ol
9> 9 ENVIB.3 J158le 5 5l oslisil b (g hunes] cilxgeaas
5 (Fusion) _aal andal 5,555, jl edlitwl L 5l
oS il ot )oSl g pSmaeal S350 (b,
A5 gsndil ENVIS3 J5bley hyme 5 onseslas
oKiwd j oppzmed (AQ) 12,5 edlatwl L 4 IS Cows
Glaize s glp Garmin-76CSx Ja. GPS
4w sl Arc GIS10.3 jli8ley 5l g (oslei cladiged
sl candib 5,550 b odlitwl a5 3)50 sla gy
2 Ulp ol el gleadd oS cul ©js0 l 4
loosiS candils Sl edlinal b Gilises claJlo jl
(FRwous Bddd and jl dm g odd A el
Sloles dbod uyle LS5 elaly iy bads
).3)15 Cowo g on.{J.Jy Cono ¢Ll§ g ‘L;K Cone
rol GBS ) Cwl 54 Y (A) Sl ©jge
wols il Jols oolizel 3y (slaodS canaib
5 s 4Sud b agli bpadd Jlasl e
@ Jold adate LB o) g Gty Jbpomtle
) Sl Tt S @l S
ks soges 25 gy Gss Sl 5 539l
Woee b plp W Jlo @ bgje Slojlgale pgai (sl
41>)n dl); q\'l) )91)4 osld J..oe.) Y. oS S92 dlag;
Jde (muwliel gl YA b ply Wl dopp Yo g iy
A olaml
oo g glod

50 3)90 pB gLl (yee) aw (slod (b3l jslatee
35 i s SOy el odlinal b o5 b i
A5 s jlainyee ojlgale sl (ldy) (slod &

Bl (b o) g slod glsil pols iags )
w5 el
4 Syl Glowoual) (il e Olles 1 ax ()
adlis 3y50 ddate yolas pl claodls 'QUAC s,
oo 9 035 Jas o> QUL a4 (B3 Sliles plosil (4l
A5 eald OOy Ry Jf)‘ aallas 390 dalato
sas oy Lasls L NDVI Lasls :NDVI _asls
sor 9 P Gide Slolp (e lp (a5 by

1- Quick Atmospheric Correction

2- Digital Number

3- Land Surface Emissivity


http://dx.doi.org/10.52547/jwmr.11.21.249
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.27.1
http://jwmr.sanru.ac.ir/article-1-1048-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.22516174.1399.11.21.27.1 ]

[ DOI: 10.52547/jwmr.11.21.249 ]

Yoy 193 31 o (slmodly 3l oslizul b lysjle oyl 3g,5ly ad g Cawns YLy 4o 3l T Jlaswiwl b Ke

)W)WBB)"UI°)9>°)"BGE*”ASU » S
5SS | SPI anlpl oy asls Al e (d0)d cous
Sidee Jely p st gl glapadls
dgdien oy (1) daly 1 g 99)000 ledas 3l (slaojg>
5 0liol SAGA GIS 58l 5 5l adis ) duts clye (¥)

W0,5 il S 03 4y Juols ais
SPI = Ag tanf ()
SB1)5 9258 (L yele ] 5!

by e SEISn5d sbapie gl Sl slaied,
ol (315058 sl ysie )5 pladl o8l (gl piie
4 Catchment area Curvature Aspect Slop DEM
.4 Terrain Ruggedness Index
GPS jl ool b pSao bla5 Culild o

bla loca adlio Veor) adlaie jd abd YA+ ol
bl (0300 juSde a5 bla5 lgicdy dilaio A+ 5 S0
a8 ag Jlo il Jpad g 5 Jive ol
WY 5l S 09,5 <S5 50 Bolal & jguody degosre ()l
aai OV 5l IS 05,5 Sy g (omiwly sl (V) abais
WA paannd Seiwyliiel (gl y (XY’~)
S0 (gl 4451

SDMS  wwgsS 58l o diwn I ol Baiss
Je WY ol (g5l &S (Spatial distributions models)
(YY) GAM (\V) FDA ('f) CART (}) BRT : Joli
MARS (¥#) GLM (YY A¥) GDM ((f-) GBM
(¥$) SVM (b) RF (}3) MAD () Maxent (1Y)
Jde dw Syl &8 S Jae b Ensemble Model
odlaiwl Wb o SBVY sla Juo po 0 2)Sles a5 5l 5y
SDM s o 1 Jeols sadids ovmiows

Wokag oldlee g S @iy loadd aws jl om
shaiods by 55 3 ool b gl e 3 s Juo
e Jole o SRy awbee | aJae coxe o)
Uhgy (V) ad edlaiwl R l58le 5 ke > (ROC)
VG /0 e lis (AUC) i yj colue ROC
P (V) 39500 4 Jue €8> oLyl sl g il
Sl jian Jde <8y 0gs 55 (V) 4 AUC s
Cand g 130l 43 a5 ddlllas 550 adlaio ;0 blS Joyd ¥
3,5 oolatwl 39y ol Ll e
sk i (S o gl 5w

) b Bgy 51 alols Jols oo (sl it

A d‘).s g o> )1 aold 9 I).wfel.) )I aold ‘@9&“"
g blwg) b gy, claY i s
LA agd ooy s (IGIS caaY uismen o Ll uopld
GIS Lo 3 ys5ie clodsyle I Alold cloadds s
arbagg (Sbyl ALl pizpan S35 a5 556 O pon
Lo > g odlatul alsye > g5 US Sl
o 2 ol b s il Cogon GIS (li8le s
o3latwl 2o VYO Sy o501 b (g ytwy Y ¥ olaw iso
Expert ,liles 9 AHP bg, 5l oolatwl b s .05

Ll oy Jlosy] gly NDVI laie NDV ey o1 5 &
Jade NDVimin g (25 (idg jli 5l adlaie )5 59240
dlais 3 3250 ALS Giis Ll Sl > NDVI
b Sy 2 o3de e LS5l 35 NDVI 5 adllas 3,50
Al e o] LS by balpd 4 arg

L OLI otz pslai s b3l 4 Ll i ()
by gl MTL Ll )3 aadail) b3l calps 51 oslizul
a5 s g o3k 4 (V) a1 eslil

pA" = MpQcd + Ap (V)

Jole Mp . oaudy> a9l umad (g0 9> SU3L :pA
Jole Ap MTL LB > Jlas 5)50 8l upd s
ey polie Qed cMTL 6 5o ks 590 iy oyl
).«o'l> BB 5D oA 098y o a.)..i’:o).:.,)lf J)‘le.’i.w‘ Jyam
Cuotdd o)lgale ul Lo pslal slp (o) aw o>
sl i Glyed bl ) (S g 9 S5 5]
b a3 S s 3 LST
dilaie SU ol s 2! B!

sl )ﬁLa.'i J.ol.w odléswl d)g0 d‘o)‘}mb ).3.9L4'{
WA B AYAY (glaJls ) bgype A cuwdd o)lsale 1 OLI
oS ool iy 4 pY gy (YIV/AB/YY b Y VY/N /YY)
» oodd B polar o eolawl JJs sl agh o
S5 e i ) 3 oy &Su) s 4 0 ) slage s
USGS culw jl polad a1 G wad Gl oy
9y BURiP o Coled 53 g lagdilsy 9 iy
5 bl (LBl )8 Al gl jglateds gl (pl
dibio SUyl (clbadd agy jshiieds & casl S3ay p3Y
ey 1y 3,8y ynie OLI oo & 0l awlllae 350
slopl & Jgad 13 (> wgp lapl o ololid
eyl o8 sbopl (lolid ol LS g G0 3929 #5155
A5 ool g
oSl (51 puia ] Sk

£5)) Jao i 1 ooddl slinyeite glial psliton
J3dless 5 (Y0) culis j1 2 \YID &5 b (DEM) ogs,
Cuty S Jols _oolBl (glo pite .05 o3lizl SAGA GIS
oile)S lig) 2,Slueal (ileS ol 4 gy Sl ol 4
323l 3l g plawl sloi Jole ise glon (b
P9y Sl piio gl 5]

ey Glas (Sojdsyin by glganl e
S3Pgyn gl jmiite b AL (olll (ol jiite ]St
Topographic Wetness , Stream Power Index  foLs
IS (TWI) 8l Ses casb) asls .15 Index
sbooje > Jow Jouilt 5 g8 0 15,80 (lagasls
Joadls ol il ans lp gy Jleda sl
oW 2 & Jols aiis g oolizul SAGA GIS il
Cagby pasls o5l gl (A) dasly 035 s
A ealawl @])f};y

A
TWI = Ln (=2 ﬂ) (")

1- Topographic Wetness Index

2- Stream Power Index


http://dx.doi.org/10.52547/jwmr.11.21.249
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.21.27.1
http://jwmr.sanru.ac.ir/article-1-1048-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.22516174.1399.11.21.27.1 ]

[ DOI: 10.52547/jwmr.11.21.249 ]

Yoy

2l )8 4t gy JS B 5 LB u by Ol
(7) Jg 235 dussloo oidirs
O g slod Al

o) e slod S Clpss gy pol Ghaggy )
JoS g 325 3590 idg il 5l s)le & pglas
s glos Sl o oy ol Jobs mls 068 8
dibaie g lelis)l )3 adlas 3590 Sloj 0)93 )3 (e
S a8l S wlide > ol 03l &y adllas )90
25 5 2l (g9, adlate BlbI il 136 o] LY>
(s> Yoo ials) ol g (59; Glbl olelss)
A5l
Lolsaald sl Jue

A Agd Caa JAe oo Olpee () U (V) Jial
sl sbayssie ol 4o ) OF Jlasdal (S @95
a6 sl oty Bl o GPS Lawsgs onbiatly p bl 4
w5 (B) US55 15 odliol b Jke ] 5l 555 onS 5 e
e slayite (pluly a0 5l OF Jlastil e wj6
oy ol (Ensemble) .Sy Jae sl ROC s g
iy Bblie canliy S5 opl )0 aS job led .l 0l
2 ) el e 29,y 550l 0je gz 5 (Brdose
bls 9 U.L;ou L;Lm),...&;‘.a 9 6515"3]3 C;Lb uuL»l
b o Dy sadciily y

WA liaoli g 5l TV ojles /omd3h Jlo juscl 0395 o prte doliiang s

®0jy 4 el deliiny slapp ags 4 choice
LY (5j5 IS er 55) b wd)S js5de a6 sbaay

55 o8l 5 GIS (g 13315 s 5

S g b
$19° 31 phosw sl e
) O] 52y anlds

390y 33l oje (Sl ) a5l Jobs il
5 o51Re IS (Bl |y ojg> colue o yii o 0l oL
S Gy 3blie 1) Colus (98 5 (ye ()]
asd By byl jslaiedy piored .l o3l ol
b g ambxe o] saiSudgi €8> g p)lS Cdd sy
sl )8 o oS 4 by yo sl dis g odddisleS
odimdjlis oddanileS glas e85 8wy djge
Gl oS o 4y bl 48l oM Sy o) ol
o)l colue lise oaimd i sasdis sllas 4 5l
Ldd il (S gla wS sj &S Cusl (WM S
2 el i 4 baye ganaib wls 2bj)
Ot 4 g b oplS el b Ll (Y) Jo
O bl 4 el ecous  glyell e

39 ‘_’ﬂ Glp o) oy)lS s g Wb oaiiS saadls

oM.\Jy u_.ol)‘ d);)l; Al L Lsyfo L;Aud&...lo CJLJ U’L))l -y Jﬁb

Table 2. Assesment of the classification results related to the produced land use map
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Abstract

Fog is a potential source of water that can be collected and used with new technologies. If we
used simple and low-cost harvesting systems, fog can be mentioned as suitable option to
provide drinking water in the World. On the other hand, remote sensing applications have been
proven in water resources management and detection of cloud and fog. The present study was
carried out to determine the prone-areas for fog-water harvesting in the upstream of the Vazrud
Watershed (located on the highlands of Alborz) using remote sensing technique. For this
purpose, 17 environmental variables were used. The remote sensing variables (based on Landsat
satellite imagery) included land use, surface temperature, and cloudy maps. Climate variables
are included leeward effect, windward effect, daylight anisotropy heating, effective air flow
heating, sky view factor, wind effect. Hydrological variables are included stream power index
and topographic wetness index. Physiographic variables are included DEM, slope, aspect,
curvature, catchment area and terrain ruggedness index. All above mentioned variables with the
SDMs package in the R program that include 12 models (BRT, CART, FDA, GAM, GBM,
GDM, GLM, MARS, Maxent, MDA, RF and SVM) as well as 190 ground control points using
GPS-Garmin-76CSx were used as auxiliary data to prepare spatial distribution of fog-water
harvesting. In order to evaluate above mentioned models, the ROC curve was used in the R
program. The results based on ROC curve indicated that BRT, GBM, Maxent, RF and SVM
models were selected as final models (high accuracy) for preparing a fog-water harvesting map.
Therefore, the above models were used to prepare the Ensemble model. The spatial distribution
of fog-water harvesting map based on the Ensemble model showed that the east, southeast and
south of the Vazrud Watershed have the most suitable potential for water harvesting. Also, the
areas with more than 2000 meters above sea level are the best fit for the extraction of water
from fog, which are located in the southern parts of the basin.
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