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Table 1- Spectral Band Specifications of Sentinel-2 Satellite

Central Bandwidth Spatial
Band Wavelength Resolution Primary Applications in Water Studies
(nm)
(nm) (m)
B1 - Coastal aerosol 443 20 60 Suspended matter and water quality analysis
B2 - Blue 490 65 10 Water penetration, suspended matter detection
B3 - Green 560 35 10 Chlorophyll assessment and water clarity
B4 - Red 665 30 10 Water absorption, depth estimation
B5 - Red Edge 1 705 15 20 Chlorophyll detection and vegetation monitoring
B6 - Red Edge 2 740 15 20 Vegetation health assessment
B7 - Red Edge 3 783 20 20 Biomass evaluation
B8 - NIR 842 115 10 Land-water boundary delineation
B9 - Water vapor 945 20 60 Atmospheric water vapor measurement
B10 - SWIR-Cirrus 1375 30 60 Cirrus cloud detection
B11-SWIR1 1610 90 20 Moisture content and water body discrimination
B12 - SWIR 2 2190 180 20 Soil moisture and mineral mapping
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Table 2- Spectral Indices and Their Formulas Used in the Study

Index Full Name Formula
NDVI Normalized Difference Vegetation Index (B8 - B4) /(B8 + B4)
NDWI Normalized Difference Water Index (B3 -B8) /(B3 +B8)
NDMI (B11) Normalized Difference Moisture Index (SWIR1) (B8 - B11) / (B8 + B11)
NDMI (B12) Normalized Difference Moisture Index (SWIR) (B8-B12)/ (B8 + B12)
EVI Enhanced Vegetation Index 2.5*(B8 -B4)/ (B8 + 6*B4 - 7.5*B2 + 1)
SAVI Soil-Adjusted Vegetation Index 1.5*(B8-B4)/ (B8 +B4+0.5)
RVI Ratio Vegetation Index B8 /B4
DVI Difference Vegetation Index B8 -B4
IPVI Infrared Percentage Vegetation Index B8/ (B8 + B4)
LAI Leaf Area Index 3.618*EVI1-0.118
WDVI Weighted Difference Vegetation Index B8-C*B4
GNDVI Green Normalized Difference Vegetation Index (B8 - B3) /(B8 + B3)
VARI Visible Atmospherically Resistant Index (B3-B4) /(B3 +B4-B2)
NGBDI Normalized Green Blue Difference Index (B3-B2)/ (B3 +B2)
Cl Chlorophyll Index (B7/B5)-1
BI Brightness Index ((B42 + B32 + B22) / 3)12
NMDI Normalized Multi-band Drought Index (B8 - (B11-B12)) /(B8 + (B11 - B12))
OSAVI Optimized Soil-Adjusted Vegetation Index (B8 - B4) /(B8 + B4 + 0.16)
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Table 3- Model Evaluation Metrics
Metric Optimal Range Reference
-1to 1 (Ideal: close Schober et al.,

R to +1) (2021)
RMSE 0t (tléig?" close  rofallis, (2022)
0% to oo (Ideal: < Patel and
MAPE 10-20%) Chhabra, (2023)
+ . oo— i
MBE to +oo (Ideal Legleiter et al.,

close to 0 2021
Oliee 5l 505 b)) Se s ybl sl S0l ol
ools &lyl oals (g, oslail g onls cimiom polae 35l
2Bl (Smoie g Dloaline gLl ax s Shles

3 Joe Sl daggesl ool 5l el mbs b
oslods i g laosls slass N SYoslas (! ;0 098 o0 oozt

Al oo Wosls (a0,
1

=H ?:I(Pi'F)(Oi'G) ")
0ixc0
n -P.)2
RMSE= Llpl) M)
n
_111 Oi'Pi
i= )
MAPE=—01><100 )
1 n
MBE:HZ(Pi-Oi)Z (f)
i=1

Joe Glaebl colilB 5 oo 5l liebl jolaie o

Jby soyp Jols ralr pasid Jdod g )
Ot el hes 3525 pas 5 Weodiledl 558 092
abgyo slaylogas sleslainl b oled Crmiten sl yite

Legleiter et) 3,5 |13 0l 8,00 Staced s yilo g
.@l., 2021; Yang et al., 2023

e g s
Ol Gee b QUL Ol p psbite &
Sl 2l )y il sloges b a5
Vi olsale polas 5l loaiges inb slauil
VO jge 4 b gee (amaiws b sl b OBl o
¥ USS Bollao g (go aws e Y VWY B O 5l 6%
3 ol il oginse cdnlin a5 jshilen ol w5
2 b QUL Sl Wy, (Slae lags oIl
Slade bl pl o cle Kol 2 VY U0 slages

¥ Stepwise Linear Regression

Journal of Agricultural Meteorology

5 ol Goe omedS Slp Ay Joo drng slaie 4
sl ysie ol olaws 58U Y il i 5l 6T sl
Ji¥le s 5o Telaels (as g5 s Sl 5l e Jas
(Yangetal., 2023) o oslaiwl Y+ VY ases XLSTAT
slpp-value = </\ 454,9 sl p-value = +/+08) sl
9 LGl Joe 4y 999 lp ) o yuiin (5 50 (79,5
(Lietal, 2021) oS o Bix> 1) CoonleS o e
(P dxwgl jelaie 4 (imghy cpl ol 53 a4y a3y
5 b ik sl 4l p axie g5l
ool yog dbejuiz conle 4 axgi Lo S 1,2
2ol YO o V-t pglad) oolaiul 5)50 slojlsale
e Sl oo pB s slaail sl eolal (alise
pe 5 5oz bulrd (6 s 5l AU slallad mea
(Blie j0 05d (6 0l poral sl o Coalad
LSL““”LQHLS)*?M)‘ dgo%b&bdbuﬁ}u
a b S i Solaiinw glalas ol 5l ccalie
Silwae lp 6y,lul slrosls g ooges ety ok
Zhang et al., lowg a5 5,S0g, ol Nysl e palyd
Sl il Gl S5 8l lge 4 55 (2023)
drwg el il a9l ailejais slaJow el
Slos Ll o 1y YL g pdipmens S B L Jows
£ g SedS asls VA eld) i aslis AY
anl)d oly Jiiwe sl piie olois 4 (oS 5 aLo
SR N K I I L S VS YN - SO PR W RS W K
soliiul 8,50 (5 ko] (sladsles (g SO (Fos i
B O oMl e bl sle exSee 1B
W) L;ﬁfo)‘bj\ P o lie )ioLBdo 9 P) ous SO
a0 (V) OYolee) b, sleasles «(O)
oSSk (RMSE) Sla e p:5N5ks Jdo bz «(R)
(MBE) (.55l Glyul  (MAPE) (3llas s0uo,0 (sl
Legleiter et) cé 5 |13 o5 obj,l 0,00 (V Jgoo)
.@l., 2021

' Overfitting

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AFeb Ll g 5k ) o)l NF wls



DOI: 10.22125/agmj.2025.553723.1189

oo g 5L ¢y

opiin oz 2l S 5o IVEY @ 0 pite ST Joo 5o
Slade regh cpl jo Canl (S8 4 e Ll 4Bl ogugs
olis a5 W )T acwlbre 38 (R2=0.56) (sl oo
3 e, OFIVD o 4 ol a8l anwgd Jow dos o
S 3l s ol sl (O] Bo) atly piie (il
5 S bl sl eo 5l Ghamw Slallas o (el
Gidg jpax b g odazy slalase ;0 0% 4) ol (o5
Legleiter et al., 2021;) cuul Jsu3 L5 SLlS () yoo g5
O yoie 45 el Sgeg Mg, ol (Zhao et al., 2022
s B1. 9 B1 7 NGBDI b sl axls ol
3 pBapls By, bl esmsplis w5 B69
byl sledae ln ange gl globs
4 loyite QB pBapll anl ol (Sojglg e
p-value) Lol slayleme ol 51 5 Soilos & 50
pll (z9,5> sl p-value > 0.1 5 55,9 5l,: <0.05
g ad el B2 7 5SS 09,0 b a6l cpl o
a5 B6_9 aile swazr loyaie (0958 Lo,
e oy 3,5 gm0l Joo 41, 5 5 S AL
g B2 7 ol oo, (v il jo .8l g
593 s kel (g loline yols s 51 o 4 BL_3 e
Jds ol izl a) S glapie jpa> 5o
Lol o s i Juw 3l (WBas ates
S90S & Jae NGBDI 55 (asls Sl
(IV0) s s oVl 5 seiie ¥ b o055 il
S il O Gas 5 b juiio il aods —F Jguzr

3371
Table 4- Summary of the selection of variables, water
depth of agricultural ponds

Number
Steps of Selected variables R
variables
1 1 B2-7 0.59
2 2 B2-7/B6-9 0.62
3 3 B1-3/B2-7/B6-9 0.68
4 2 B1-3/B6-9 0.68
5 3 B1-3/B1-7/B6-9 0.70
B1-3/B1-7/B1-9/
6 4 B6-9 0.74
7 3 B1-7/B1-9/B6-9 0.74
8 4 NGBDI /B1-7/B1-9/ 075

B6-9

SleMbl 3l agy sloales (2l e Yz ()
&Mwlo&)adxoyé&@byf&b

Journal of Agricultural Meteorology

L (o 0-F Ges) b gas¥ j0 < /Y7 5 b b3k
VY Ges) shee g jo /N 4y jlaly g (o3 s,
5 bt Loy o b ol ol 23l alS (20 1)
ools .09y ol ot s io o l5l g axlg +/+ VY lawgio
sl o aalih JiKew us oS el o1 51 S
adgl e oSy 5l feS 4y aalllas 590 (s 03
)L.\Jla 9 u:>|5.._§_' G..M.bls ...\4'5) | od.z...u) C.L:...u o 055
L 255 i oanlie addllas opl yo a5 b O3k o
Slyzer 2l sl 5 )58 Jolsi oSl 5555 Slo
65 iy zal33l 5l il Boes ol se | o5 cpl ol
Szl g (SasSly g iz slean] g oS 5 hdo
saisd> JI dlse ol slaJsSge) T saims LSS
Lee) couils (Blao JTu 153 5 oy guSOdl g8 (.55,
T30y 4 4Bl cpl ye0 3l i Hhaie 5l (et al, 2021
bl UK a5 0 o oS S Cysgase opl »
S 65 saY 5l bose oo lgale Lawgs oniens
aeiS S8 9025 o DLAS (g0 3985 Beas) (oelan

(etal., 2022

0.36

034

032

0.30

028

026 1

024 L i
gon ‘ I ‘ﬁ f [
Tox | n . [

0.18 1] I |

| | |

[P | | |

(TR | | | [

. | | |

| \‘ ]j | [
010 B LI ™ U
BL B2 B3 81 8 86 7 88 89 B0 B B2

Spectral bands

s6(m) W67(m) ®78(m) ®83(m) W9-10(m) WIO-LL(m] W1112(m)

G bl 1 (b O L Ol ot (Somio - F S0
Figure 4- The curve of spectral reflectance
variations versus depth

g g e aie Ol ol s ol (ise cpl o

5 Jde IS gylolixe (L 00,5 o Al ol Jow
258 g0 )18 el 9590 Jeaiias o1 G35l slo e L
5 ot G)loges Bk 5l Jae o Sles woles o
phae s (nl 0sd oo (2L, Byt (o Ly, Jolos
aBlarwgy Jow glaco Ll 5l xal> S0 Sl o Lo
bl sBapls unls F oo j0 o5l oo pal) )
<l Bae 9yl ln o )T, oo dangi 5 b picie
oaslice Jgaz (! 0 a8 jebylon .uwl oo &3l,] el
0Nl asgy jsb 4 R) (Kot o o 5050

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AP0 lisli g 5l0 ) o)lods NF ul>



£y DOI: 10.22125/agmj.2025.553723.1189

sl sl 65 ik cloail Sian ey ile
el 5T, g, 5l

Correlation Heatmap
B2 % 2 2 2 » % 4 3 4 7 %5 1 [l ComelationRange
Bi| 2 % s vlw 2 22020 m
|9 7 2 u v so s llzs Bl oo 0
3 o4 2 2ERe ¢ 1l s 7
s EEIE > « EEIl : = » «
v EAENER c - FOEEEY ¢« < z ¥
s EIENEY « » EAINEREN &« s 2
EE 2z : El: s »
2z x/3 3 l: » =4 23 n 2
Bl1 5 s 3 ¢« o« = E: 2 %
8 @n- Sl BT § 051078
o EIIEEL > - OOEERER = © - »
o [[lBIE] 0 - S EEIEYE » 2 > lmmo&
: 5 3 2 3 8 85 8% ¢ ¢z ®

O o) dnly yudho Gy (Smrnd g yilo —0 JS&

Figure 5- Correlation matrix between the
dependent variable (pool water depth) and the
independent variables (B1 to B12)

5 A i) 55 s (Fhen Ssh S
a5 olulis B8 4 B7 B6 B2 B1 sl oy (+/2Y
3 el lasly (pl 4z LSy b Gl oasmsglis a5
B3 Glawil (e gt 698 (sie SloKimuon «(Jilie
ok yiio L BB B BL (glanil iy 5 g (+/55) B10
B11 5 B10 B9 B3 slauil 03,5 sanlive (—+/5Y )
Ol 095 5l ol Saly b aslie )01, (g5 Jiius L8,
Sog S 39>y cwadodalin Siwwes o sl
3B ) Ol (Sl sla T g 4 alies slagasly L il
BL,B2)) Sye sl (o (598 (Ko S5k 05 0
ol S st Sl 51 56 s e |, (B6, BY, B8
(el (TSS) pol (3l Sl 5 Jids 15 lalé 4y lasly
sleosls 5l oolawl L ol aldlas jo a5 gloasay
(Li et al,, 2023) col o0ds 3155 5 J Sl le
(BLO 5 B3 wiile) Lol (5 (ot (535 (sito (oSinnas
Gyl @ Lol slate cuwlus oanlil Yl
(CDOM) (155, oty Jo I olge i ol oS Cialises
Ogashawara et al., ) cwl Joxe Slgw, blie o
e ol annge sl el o il Laflg, ol (2022
sl Silaige ol 1) golaisl (slapt 68l dxugs
L a5 dosil el g Gae o jlul At (Sren
2 @S Gillr S ogls cillas Ges loges slaazily

Journal of Agricultural Meteorology

b yols adly asols &l od lgd (g yindion ¢ clascon
2 a5 5l Sleen Zhang et al., (2022)  yiagh guls
S8 dgan 4o e Ll slag oSl 5 n 2L
WSt Ol wlie Gl lp 590 5l i slaas
2 Joe 1 (VIF) il ly 5 Jole Jelos ailosges
ale) 5 usiwl sl Lore ulisl o0 bl o pie o>
LB 1,0 5l e VIF ,0lie asGareth et al., (2021)
VIF polis dalsoe piyJoss ) Ve 5l eS 5 o3
b dele p b 4 Joe 5 sle it (oled 1
B6_9= 4B1_9=195 B1 7=2.08 NGBDI=1.42
G VIF ol soled g oo sanlise a5 shilan 2.31
it O alySalablre aibinl 5l e 6 Sei> ok
JStce 31 e e 45 08 0o a0l g 4 @l 0l
walre slooysln bl 5 Spei ) Alfuin ason
a Baes ol cpl sl Glpabol BB (] (g 5
L alopsie QLI 50 pBapls oh)sSl QLIS Lo
3 el oads ol K0Ss b (g0 (Shwan (25
59 0ol Cawd &y (R) (Kiad oy (Jow o Hlais
Razavi & Mirghafari, aslas b (+/YQ) igh 0
30 Gee oS gl Y- Josiw slaools 5l a5 (2022)
IV (Ssed oy 4 g 50,5 colaiul Bels OYB
ol Joe B b gl b sl olid LB il e
L sleiinl) Slite (Sl oty b e o
s ol ((ormebs GOV blie ) )l eoags sy
R A REUL IS U]
L awlio ;o (Gewsils ¥+) Jae RMSE glaz oo
dsg,l a>L,0 (59, ,» Mohammadi et al., (2023) asJlas

hololgiss & cwl 5ol GVl e RMSE L)
ool o e goas S ceale 5l ab
0378 soanVl jpho pus 5 S ey (SIS
MAPE _asls L 5l Jow o,Skes copimman Zendl
sladas o Jle c8s jlae L (Ve Sl S)
4.0, cayllas (Patel & Chhabra, 2023) S5 5lg 0.
om by, omin 9 Fhe sl olulid ol
Ak Sy B 5o g dnibrne (Shen e Sle o piie
Sl ol s (F 50 JSo) ol &3l Steen 5, >

' Correlation Heatmap

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. g AP lisli g 5l0 ) o)lods NF uls>



DOI: 10.22125/agmj.2025.553723.1189

P slyall 4 basls ol oglan conles
Glae 1,3 sl Shs b Cusb, (slyime atile Ol codeS
obed ol s Swcen (Mishraetaal., 2021) e
Wlgi oo Lol g 0)litie d ax STol Goe b baasls
b o il asls cnl a8 wsl ol sasmsplis
RIS TERE VTIPS I RN
s Pl 9590 50 S Slidos b oS glasdly
Ogashawara) s ls cillae Gos 5l ol 25 sla Lo
alaiedse Ol Coenl mbs ol (et al, 2023
olas o o5 Sldlhe Ban ulol 41, Lavua}l.:s
SiloseS pshaie a5 gan pl5 )0 wms e s ]
oprieniz s (ygrm I Aslae SG o pite (o alal,
wlp bl g 2l GgemesS) Joe w00l dnugs
i a3ls e LY o)les alsles 4 oxie plSapls
5 BL7 slaasls a5 ans e lis alslee ol 0l
b s wiien O Gos b peiiiee alal, ol,ls B6_9
Gos b usSae alul, BL 9 5 NGBDI sla asls as
bl Joe Gl R) (Koo gy im0 oo L2 O
O S8 b dhaly caimslis oS ol wsye VO

PWD = —3.35 — 4.76 X NGBDI + %)
7.27 X B1, — 5.6 X Byo + 5.14 X B6_9

JB (Sopd bl ol ol 3 ulys e
alal, el il Ol Bes Gyae PWD el 495
5l 5 Wlgs oo o1 Ges L NGBDI _asls uSas
slacl ;o s la S5y 5 alS (lbs b als
Sl s alaf, 0> g ) ASl FGres
ol Cawles camsgles Ylasl B6_9 4 BL7
loges ;0 Ol (5,5 GloShs & (55 sloaslo
wleasl L el -l (Wang et al., 2023) el calize
5 b sl azls i il as Chenetal., (2023)
gond ilosges 25T o St syl gle Joe
O @l GseesSs Je GWlly Jebs sl
chw 0 bl Lh 5l aslaswg Joe a5 ses e
Folaie (p < ofo v+ 1) ol loline 493,99 (licabs]
Joaz> sleu slade 51 5YL Hles (QV/TAY) cobaulon
5 Joe calie 3l oaimolis a5 sl F o ay e
Joe 45 Cenl T Kl OVYITYO0) Jae Slas o ggomme

Journal of Agricultural Meteorology

P93l 5 odd gume BaseS lacl je0 5l Lemis
G 4L Ger o slao Sy, Sl oolind
Adekunle ) s3lu o Sy 5 1) Gas 4 polie slaaxli
Sloarls  Sivces Lusl mls (et al, 2024
sl ols lad 1) Lly, 51 glovazma (oS SedlS
e OFe e B AN 50lie) 658 Sl Siwon
OSAVI 4 SAVI RVI DVI JIPVI VARI o oL
o asls oyl alie o Slas saimopylis a5 oi sanlis
e NDMI (lo jas L o i 4o el o] dasms o
2o b Gand b lwgie (Stwes B12 5 BIL
Geloie L8, 53 NGBDI _asls wiols oLes b asls
loasls 51 SO Lo IVF) 98 hie (e g il
b s asls oled b O o abul, ol olis

g CIOA L +/VY) Lawgis

Correlation Heatmap

Velues: Correlation % | Diagonal hidden | 9 Equal Bins from -1 to

+
oswt BB 879 Lo g . T [ Correlation Range
NMDI zunumz ® 040 %A% wmu 5 Il % l‘C‘JW o
Bl |28 § 16 2 X036 A 5 6 a3 W6 i
Cf |1 5B 15 4 A7 44 49 46 4 11 W00 .o TIN5 44 16 .075 0%
NGOD! | 42 65 I &4 55 5 5 48 EOE E7Y 14 BN Af9%-0%
VAR .ssmm‘ B g 130 [ (08 17 136 147 I 3 36 40 B s
GNovI (40 52 ) 50649 5 41§ 64 3] 05610033
wovI r‘mmmMu |53 LIS TR o) | ;
LA |47 N4 83 slmnmm-m .3€Iﬂ Q3310011
i m' 40 K
3 I 0411004
3&9& az 53 65 uesw
SAVI ooton 5093 [N o6 RERRTRR S 100 0111003
EVI sz1annas7
NOMI (B17) | 46 *\” 16 2 uli 0331005
nmm(am mn‘ Erg ]
[ M 5 EWS 056
R 05610078
Mwmemepm [.45 N 24D 0 . 07810100
Sg§:g>>>g>< EEQEEES
) IEA R AR EE § < 2 g
22380 @ >0 z ¢
v g [} z 0
H Zz
H )
3
a

O Gos) il gakiin (s (S (i yilo —F IS

b Bl b w9 (p5uwl
Figure 6- Correlation matrix between the dependent
variable (pool water depth) and various spectral
indices

ety e cadosslic Sieees gsSl

s e azls ol il g e a5 weo co i SIS
o slads b alS e sl Wlol a5 o]
ol s e liad 0e3 5l cplie 8, o] e
APVI VARI s5ile gla asls om Yo oy Sivcon
Sy 51 56 g3 e |, OSAVI 5 SAVI RVI DVI
5 Near-Infrared 5 ;0,8 slaasl a4 ol S iie
wedls o (Sl byl 4 alie copuls
sz ol ol ;o p3l Gldlhe jo a5 sloasay
,ka, (Pahlevan et al., 2020) cool ouls 5,155 5
s0:25,L25 Yoz NGBDI s NDMI (gl jasLis j5loce

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AP0 lisli g 5l0 ) o)lods NF ul>



F DOI: 10.22125/agmj.2025.553723.1189

colin SalS 0T milin e 3 o sloo )5 (65
L cds 3l mhw ol (Chai & Draxler, 2014) ol
Sl Gos Syl aney o alie o ragn sl
Joe sl MBE jluie (Li et al., 2021) s ls Slsseon
ol yho & G035 lade cpl el Caws 4 -+ N Sl
FB Solatin bl 5l a8l axwgy Jow aS aas oo
Jo> 5eSls ysb @ o1 ooyl g 0 ped &) 475
3 S Slaslice ol ol ailoads a5e5 28lg polas
Sygo a1y (V) b 4y bl o) (SaasTy jlogad
(b, adz Y JS8) aSe anl oS
093 DBl yo plaels (e 3 o sl (i
Hosseini & 4 Yang et al., (2023) slaaisly » xo
o9y ool @5 a8 aiS e 0l |, Alizadeh, (2024)
5 Aot oo 4 gl 9 )15 leesls B> o
G celis asls oSt 3t plp o pglie
o Sl S e sl sllas 5 SLos
oS ol (Limady ol ;9 B6_9 5 BL_7 aile) je,8
@l il oyl YU Camsles 4y 50 L et al,, (2022)
alais Sy wilos,S o)l L5 sla] 3 s (ppess
O b sl il g 55 pes (Geiod (nl )0 e pled
4, Smith & Wang, (2023) a5 Jb> o .conl ol jeonsss
WSy egtas slails b sl Sy (o)
ik sl eiie Sl L oS ol Lt Slas mgdy oy
@ Colos Lo 4 Ylozs! a5 NGBDI w5ibe) celio
2 P (s QB! (lpengsy (haw sla S
st & 05 ale oy cal 5 36 sl il
St oS A8k aeg Gee S5 e 2L (2L
ol Jlie jo ool St polae ol Bes
oz @355 foges 5 (V JS5) (oibly s (g uSeglad
A JS2) bzl po Ol oad g i 5 (28l Gos
Sl aBbanwgs (gmm S, Joo G35 2Ll o o)
odd S polie a5 ol lis Ol Ges ot
osls . jlo 28ly polie b o295 BB Billas Jow Lawgs
a8 Wloads 08Ty Vi (g il L Gl s 03,5 ygboay
P VWY U F Gae o3l jo Jow YL cds caimslis
# splp b4 (S5 g blE o515 iy ol
g a8 J ol cnalin o VY U A Jhes ooga0e
adly Lyl Sl bl SaSTy ol 5 oS cloas

Journal of Agricultural Meteorology

haled oo G 1) Wrosls JS il 5l (k295 BB ot
Nl S Pl
oo 3 e slo piie (o abal) (392 (ol Jlo>]
S bl g ol Sl s cnl el jio 4 Suop O
os slos )5 o solitul sl 1) Jow olicebl colils
Y F e (Gareth et al, 2021) oS o ool
o il ly a5 cul (T 5l Sl 55 (AVIFOY)
Gl Uas il jlg 5l yiion (g loline jsbo @y Jowo Lawgs

Montgomery et al., (2021) slaazdl b gg.090 oyl a5

&S anse oLt gady 4l

S G g (e Ggaw S ) Gla o bl i po
4 Jow Sl ye Egozo YL cus .e)b ‘5319.7';@ 590
omlin llys ol Jow a5 ans o oyLas (LOOIA) JS

Syl Ol Ges U ORCPUUS SO S

(ANOVA) (il sl Julos gulis -8 Joor
Table 6- Analysis of Variance (ANOVA) Results

Source Model  Error Corrected
Total
Degrees of Freedom 4 182 186

Sum of Squares 113.255 89.686 202.941
Mean Squares 28.314  0.493 -
F Value 57.457 - -
Pr>F <0.0001 - -

GlS als an b led g S, e (2L

a3 YO L ply Jow R) (Kaad cupo a5 0l ol
S ysie (698 b alal) coumslis a5 Wil e
s Sl el ady, ol atwly 5 Ji
Cds Sly a5 Wl dwbxe o +/YeY 55 (RMSE)
orSibe (rize ool O Bas 0515 j0 Jae cslis
a4 doy YTV L ply (MAPE) Glls gl as)o
Joe s s Slles cds 5l S a5 wal cans
a3 oo Hli o0 VO (S oy e ail oo
O b bl plbis s (YL QUlE 5l Jae oS
Olee ol el Jly53 50 O Goe g (b sla el
Slr g oog bl woyd A8 pliebl mhaw ;5 (Ko
HB SIS (53905,00m 059> 53 (6599 5| iomins sl e
L pls RMSE ,luas .(Zhang et al., 2023) ool Jsud
! Boae Wilgi so Jow 4 w0 oo lid 58 i Sl Ve
ol asled 0590 Sldes odgame o cwlio CBo L )
(o VP U YF) o Ol s ailo b duglin jo oz ol
ool 21+ 5l 268 a5 MAPE a5l ol 52l jlows
Joe a5 aes oo lid 9 0,5 o0 )18 e cds 0o o

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AFeb Ll g 5k ) o)l NF wls



DOI: 10.22125/agmj.2025.553723.1189

oo g 5L g

JLiot g2595 Jloged A JS
Figure 8- Probability Density Plot

@i 90 S Jiol qje laged A JSE s

odalive polae) iwl ol (#8ls 5.c (Observation)
Gos (Prediction) o (Slowe oals (5 ,503lailons
laosls ulul ) (G S5 oo Lawgi 0ol (e
ol el sals eols oles (V- Jiciw (slolgalo
2 ol Ges samoglis (Depth (M) a8l jgoee jloges
il JE onims Lt 63508 yo ool 2o o
S50 Ges polae 0429 Jleix! cxy «ewl(Density)
b ls 5l eolawl b loges cpizmen .ol o3l
SaS b b Lol el ouls (5305, (Quantiles)
Woosls 5l (s az ¢ doe 03k 10 )3 e b aiS oo
Jliz! JBa mig Jloges 5l Jol> mls s)ls )8
i Je slaasgaze g ol Ll 5l by, n g
sloodiladl (09 Jloy (o) p w0000 )| Ol Goe
ools bl a5 ols lis Jloges 5l eolatwl b ygums )5, Joo
Slael y3 Jged LB b 4y 2oV VIO B F as o3l o
oS ams o 5kt oS Ll lazd F 15N el s
Lo oo Cond Jloy @jos 5l Joe looniledl w98
5 Culy bl Sl bl Swil Gzl (Jl !
IS e Vel i g e 05l meS lagee
FB (o35 el brosilerdl @sg 5o (i s)lmal
ol die s 4y 2o Ve B0 glaggas o bl ali>d
Szl plojls das o3l pl ;o Jaw YL cés
» Wosiledl 392 Jloy (28 conlin s (582 5]
ol ounlive (G951l go AL drwgs (ygem S, Joe
5 8l dagi gama )5 Joke 4 A g0 s Jlogas 5
Ll 2551 655 )13 o 95 (osbie Lol (2L
3 dow sleosiledl a5 was oo lis culy > (55,
@l Jliel gdge (nl &5 WS 0 S Jbop @i
WS oo e 1) e pleebl laosl 5 )bl
polas o Sy Gl =il (Ghasemi & Zahediasl, 2020)
St b Sy polie 5 51 2L Wiy e ale!
Slosy il o slages ;o b sloosls yiin
OIS 508 GoepS slacl 90 5l i slaJae y0 oS
Syl aSo) 4 a5 L (Smith et al., 2023) el ouls
S0  eYb Sal 5l asjei slales jo oall cumlin

Journal of Agricultural Meteorology

3590 03L JS 50 Jaw Slasl o Slee 1 Sl oSN ol
16
14+
12 +
4°,

o
10 | °

Pool water depth

2 4 s 8 10 12 1
Pred(Pool water depth)

By 9 o St ey, T o -V S
Figure 7- Predicted and actual water depth
(Jae 23l loged jo sadosslive SaSTy, (e
2 OmsS) ey Vb plaebl Sl onaslis
ool b glaodls I Ol Ges auBiee e )50,
Soolodwcmw bl 0529 pac g Vi) s 4y bls SGo3
Joe 45 Ceul g955e cnl Wbe mols (MBE= -0.12)
Sl Shy e oz ahl) Cul ally adlasgs
Lietal,) wus olols swoyoa |y ol Bos g shub
Qilgd o Boe gls 03gaze ;0 Joo yigs o, Sles (2023
ol > o Sl Sl Sy e (8 s 50
ges ;o SasTy, Sl olislas Jls o il o3l
slaosls iy 3 b s & Ylasml sl 5 o8
Wangetal.,) el (>lg cpl jo e Jolse 3 b
Ay 0 alie Gl ipsh ls b badl ol (2022
235 31 Gt 3l oolial b GaseS slocl Gas 350
ol yo eadonslin cds (Chenetal, 2024) cowl guon
5 Goe Slyis Gl sl 1y T 60,8 Sl Jore
Al o 5l i glaools jloslatul b L3l slacl
A8 oo

Prediction-

Models

Observation

25 5.0 75 100 125
Depth (m)

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AP0 lisli g 5l0 ) o)lods NF ul>



5 DOI: 10.22125/agmj.2025.553723.1189

b mle sloools b S5 50 g5, ilede
& lobe o Ol &S Glaall oyl ol
4 Bge phoh (nl Egezme ;0 bl AT edeony
i Uy &5 0l (698 (Ll gz lr o dnwg
S3o9ksS sla sl o OF as (S 0910 j0 1, 590 5]
el Joe ailoj oo Ol @ 1) Gleegly (il L
ol hes sloasl o ool gl YL Jewily
ol C:’L;.a Cupae g ol Ply Olllas (Gos Dl s
sty 5l Gl <o 5 L Joe cnl ol 55 0
Sl lp los g slezel LB« oole laoly (b
p2ld hysles i o ol alie Sl Conse s
F385 Sl ylS 2 38 505 ST Slllas (sl 05 o0
Slr b é Gedle 550k slapi o8l plol 5 o
shoe sloojl (oolod jo 285 Gl g 655 g 1S
e e Slagiagh b dmalie )5 03,5 oo Sleiny
el 5l oolainl (V oBwus 3l asdllas ol o ool &l
@ olows gl (Stepwise) pl5 4 65 e bl
walpo b 380 Soew )T, dolae LIV tange (Jue
Gy aol caniis o ulow plodl (¥ toud s il
l Ges Gl p PB 5 (F s (mi e
P ol e Cupae ;0 Gl (als plaie 4 Ful
Wl dnwgd Joo Codbge 4 dazgl bl Coesl
sl sl 51O ST Sldlas jo 0ed co dloiin
Random XGBoost auile gaxd iy cdle 6,50k
S CBS Sgue Sl el Z 0 Lg Forest
PYL S S8 5,08 L sbvosls (Y g colaiul
shee slogtally b (7 0,25 513 ()l 000 9590
(F 00,5 )18 (o 0550 Joo <80 5 (5L g Leo wiile
Gl ol glaboe o Jas Gpdjeren Colls
» Fre lpl plare 4 Wlg e Jae cnl 095 L)
o3liinl 390 (o ol @lie Sy e 5 (b sl
S S o 9 S )2l 5S (sote SR g 485 18

wled Wyl 26 e

&lw

Adekunle, O. M., Fosu, G., Mishra, D. R. 2024.
Advancements in depth-invariant algorithms for
water quality retrieval in shallow inland waters.
ISPRS Journal of Photogrammetry and Remote
Sensing, 207, 1-15.

Journal of Agricultural Meteorology

Slyp¥ colas 5l Jow a5 ¢85 as )8 oo
ol 3 ol @l g cul Jlo 93 Of Goe (Sming
bl baidl -l (Pek et al., 2023) wib oo 1 LB

=

loyinl Ol Bas 0y5ln jskie 4 (tagh ol

Shgo 590 5 o gleesls 1 eolawl b (g5,5leS
3l s it Jolow 5] ol sloasily
b Gmoie BB g slal (o5 wg) G es b b
Sl 03 (Sa3sb (IS i, ol o Lo ST
3 dels s oges w218 1 oS sl Jae il
Om by, Gl Glesemmy LSl (Kon G ple
Sl plas ) KedS gl arls 5 ad slausl
B1, B2, dig5 wiile) (598 Simwar slaSol olulis
sleosls Bix L Jow s3lway 56l (B6, B7, B8
L, L sl asls o5 J o oS el |y 6155
¢y YL Jesly (NGBDIy NDMI aisle) Jaws
Joe oy las opsieais b o Cds dgue
2 P93 FB LIl opl p 4l drng G S
ookl b Jow cds obj,lols olas ol Gos By
(2 8ly polie Jlae ;o ool oy polae loges
V) g plp b Jg ool bl o5 SasSTy o YU cds
0 Jly PR myp rizmer 05wl )
L Joe golel obl (Jlas! aoj95 jloges bouslesdls
3> bges ;0 Sz Al il ax Sl ogal Groa
Joe slacasgaos 4 az g5 (o Vol ian 90 51 12e)
g nl @l sslese 6y9p8 1) baosl cnl o
Dz (gools 0 5 )5 aie Ho diline Silelllas sloasl
Sty ol (o5 5 (&S sla el b sl 90 5
Uy o Wang et al., (2021) ol jsb 4 .0uS oo
Sentinel- abuas gbosls .ol a5 wols ylid g5
35915 % @Y 8o Wil o (gmm S5 sl 55Ul L 2
Zhang et al., .asb aisls (Secchi depth) o1 codlas
B o b Sguw )T, sl Joe drwgs 4y 3350 (2022)
Landsat-8 slaosls 51 T )90 oo &l Jgud
sleublB 55 Chen et al, (2023) adlae 250

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AFeb Ll g 5k ) o)l NF wls



DOI: 10.22125/agmj.2025.553723.1189

ohen g LG gy

Hesam, M., Shaker, M., Ghorbani, K. 2025. A
review emphasizing the significant role of
monitoring water markets through the efficient
use of remote sensing technologies. Journal of
Water and Soil Conservation, 32 (1), 57-79.

Hosseini, S. A., Alizadeh, K. 2024. Comparison of
different regression methods in water depth
estimation using Sentinel-2 satellite images.
Iranian Journal of Remote Sensing, GIS, 16(2),
34-50. (In Farsi)

Huang, C., Zhang, M., Liu, Y., Wang, J., Li, P., Wu,
Z. 2021. A Comprehensive Review of Remote
Sensing in Water Resources Management.
Journal of Hydrology, 603, Part B, 126882.

Huang, C., Wu, J., Li, W. 2022. Limitations of
conventional water monitoring methods in
agricultural applications. Journal of Hydrology,
612, 128234.

Jafari, M., Mousavi, S. H. 2022. Estimation of water
loss from agricultural small dam reservoirs in the
absence of monitoring systems (Case study,
Khorasan Razavi province). Iranian Water
Resources Research, 18(3), 112-129. (In Farsi)

James, G., Witten, D., Hastie, T., Tibshirani, R.
2021. An introduction to statistical learning,
With applications in R (2" ed.). Springer.

Jiang, W., He, G., Long, T., Ni, Y., Liu, H., Peng,
Y., Lv, K., Wang, G. 2020. Continuous
monitoring of the surface water area changes in
the Yangtze River Basin using 30-m Landsat
images. International Journal of Applied Earth
Observation and Geoinformation, (92), 102184.

Jiang, Y., Zhang, L., Wang, X., Chen, Y., Liu, C,,
Li, M. (2021). A Review of Vegetation Indices
for UAV-Based Crop Monitoring. Remote
Sensing, 13(13), 2496.

Kaviani, A., Rasouli, A., Amiri, M. 2021.
Evaluation of the role of small reservoirs in
agricultural drought management (Case study,
Irrigation networks of Fars province). Water and
Soil Management Studies, 12(4), 56-73. (In
Farsi)

Lee, Z., Shang, S., Du, K., Wei, J. 2021. Resolving
the long-standing puzzles about the observed
Secchi depth relationships. Limnology and
Oceanography, 66(6), 2302-2317.

Legleiter, C. J., Kyriakidis, P. C., Overstreet, B. T.
2021. Spectrally based remote sensing of river
bathymetry, A review and future directions.
Earth-Science  Reviews, 218,  103627.
https.//doi.org/10.1016/j.earscirev.2021.103627

Li, J.,, Wang, S., Xu, L. 2021. Optimal water
allocation in agricultural systems using reservoir
monitoring data. Agricultural Water
Management, 252, 106893.

Li, S., Wang, J., Zhang, M., Liu, K., Zhang, H. 2022.
"Monitoring water depth in irrigation ponds
using Sentinel-2 imagery and machine learning."
Journal of Hydrology, 612, 128-135.
https.//doi.org/10.1016/j.jhydrol.2022.128135

Journal of Agricultural Meteorology

Ahmad, S. K., Hossain, F., Pavelsky, T. M. 2023.
Monitoring small reservoir storage with satellite
remote  sensing. Remote  Sensing  of
Environment, 285, 113321.

Asgari, A., Ghanbari, A., Mohammadi, H. 2021.
Estimation of water depth in Karun 3 dam using
Landsat 8 satellite images and artificial
intelligence methods. Remote Sensing and GIS
in Natural Resources, 12(2), 45-60. (In Farsi)

Boretti, A., Rosa, L. 2019. Reassessing the
projections of the World Water Development
Report. NPJ Clean Water, 2(1), 15.

Chai, T., Draxler, R. R. 2014. Root mean square
error (RMSE) or mean absolute error (MAE)? —
Arguments against avoiding RMSE in the
literature. Geoscientific Model Development,
7(3), 1247-1250.

Chen, Z., Liu, X. 2023. Challenges in monitoring
agricultural water reservoirs using traditional
methods. Agricultural Water Management, 278,
108165.

Chen, Y., Zhang, M., Liu, K. 2024. Leveraging the
full spectral capacity of Sentinel-2 for water
depth estimation in complex inland waters.
International Journal of Applied Earth
Observation and Geoinformation, 116, 102987.

Donchyt, G. P., Hostache, R., Chini, M. 2022. The
role of remote sensing in hydrological
monitoring, A comprehensive  review.
Hydrology and Earth System Sciences, 26(3),
645-678.

ESA. 2021. Sentinel-2 User Handbook. European
Space Agency.

Feiz Abady, H., Zahiri, A., Ghorbani, K. 2025.
Estimation of stored water volume in reservoir
dams using satellite images and multi-variable
linear regression model. Journal of Water and
Soil Conservation, 31(4),159-178. (In Farsi)

Feiz Abady, H., Ghorbani, K., Zahiri, A. 2025.
Monitoring time series of reservoir water surface
area changes using remote sensing approaches.
Journal of Water and Soil Conservation, 32 (2),
55-75. (In Farsi)

Feyisa, G. L., Meilby, H., Fensholt, R., Proud, S. R.
2014. Automated Water Extraction Index, A new
technique for surface water mapping using
Landsat satellite imagery. Remote Sensing of
Environment, (140), 23-35.

Garcia, L., Rodriguez, J., Martinez, A. 2020. The
role of agricultural reservoirs in sustainable
water  management.  Agricultural ~ Water
Management, 240, 106235.

Gareth, J., Daniela, W., Trevor, H., Robert, T. 2021.
An introduction to statistical learning with
applications in R (2nd ed.). Springer.

Ghasemi, A., Zahediasl, S. 2020. Normality tests for
statistical analysis, A guide for non-statisticians.
International Journal of Endocrinology and
Metabolism, 18(2), €102646. (In Farsi)

Gl (wlillgh & pis

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AFeb lusl g 5k ) o)Ll NF wls


https://doi.org/10.1016/j.earscirev.2021.103627
https://doi.org/10.1016/j.jhydrol.2022.128135

£A DOI: 10.22125/agmj.2025.553723.1189

ool o Sl

MultiSpectral Instrument (MSI) data for water
quality monitoring, A practical review. Remote
Sensing of Environment, 258, 112418.

Patel, R., Chhabra, A. 2023. A comparative analysis
of error metrics for evaluating the performance
of forecasting models in data science. Journal of
Data Science and Intelligent Systems, 1(1), 45-
56.

Pek, J., Wong, O., Wong, A. C. M. 2023. How to
address non-normality, A guide for choosing
between transformation and non-parametric
methods. Psychological Methods, *28*(1), 205-
221.

Pekel, J. F., Cottam, A., Gorelick, N. 2016. High-
resolution mapping of global surface water and
its long-term changes. Nature, 540(7633), 418-
422.

Pekel, J. F., Cottam, A., Gorelick, N. 2021.
Advances in global surface water monitoring
using satellite remote sensing. Nature Reviews
Earth, Environment, 2(8), 558-572.

Razavi, S. M., Mirghafari, S. A. 2022. Feasibility of
using Sentinel-2 images in estimating water
depth of Shadegan wetland. Water Science and
Engineering, 15(3), 78-92. (In Farsi)

Rosa, L., Rulli, M. C., D'Odorico, P. 2020. Global
agricultural economic water scarcity. Science
Advances, 6(18), eaaz6031.

Schober, P., Boer, C., Schwarte, L. A. 2021.
Correlation analysis in medical research.
Anesthesia, Analgesia, 132(2), 355-358.

Smith, R., Wang, Y. 2023. Spectral characteristics
of artificial liners in small water bodies,
Implications for remote sensing applications.
Remote Sensing of Environment, 287, 113478.

Tofallis, C. 2022. A better measure of relative
prediction accuracy for model selection and
model estimation. Journal of the Operational
Research Society, 73(4), 709-719.

Toming, K., Kutser, T., Tuvikene, L. 2016. Mapping
water quality parameters with Sentinel-2 in the
Baltic Sea. Remote Sensing, 8(8), 640.

Toming, K., Kutser, T., Tuvikene, L. 2021.
Advances in water quality monitoring using
Sentinel-2 imagery. Remote Sensing of
Environment, 257, 112348.

UN-Water 2021. The United Nations World Water
Development Report 2021, Valuing Water.
UNESCO, Paris.

Wang, S., Li, J.,, Zhang, H. 2021. Estimation of
water clarity in inland waters using Sentinel-2
imagery and machine learning algorithms.
Journal of Hydrology, 603, 127-135.

Wang, Y., Li, J., Zhou, G. 2022. Optical properties
of water column and their influence on
bathymetric mapping accuracy. ISPRS Journal
of Photogrammetry and Remote Sensing, 185,
146-159.

Wang, Y., Li, J., Wang, Z. 2023. Comprehensive
assessment of Sentinel-2 for inland water

Journal of Agricultural Meteorology

Li, Z.,, Wang, Q., Sun, D. 2023. Evaluation of
regression models for water depth estimation in
complex aquatic environments. International
Journal of Applied Earth Observation and
Geoinformation, 118, 103245.

Lv, Y., Wang, C,, Li, C., Zhang, J., Zhang, Y. 2024.
A novel remote sensing method to estimate
pixel-wise lake water depth using dynamic
water-land boundary and lakebed topography.
Remote Sensing of Environment, 307, 114104.

Madani, K. 2020. Iran's water crisis, Indigenous and
modern solutions. Journal of Environmental
Management, 275, 111235.

Main-Korn, M., Pflug, B., Louis, J., Richter, R.
2017. Sen2Cor for sentinel-2. Image and Signal
Processing for Remote Sensing XXIII, 10427,
1042704.

Mishra, D. R., Ogashawara, 1., Albright, A. 2021.
Water quality monitoring using remote sensing.
CRC Press.

Mohammadi, M., Karimi, A., Ahmadi, Gh. 2023.
Comparison of the capabilities of Landsat 8 and
Sentinel-2 images in water depth modeling of
Lake Urmia. Iranian Water Resources Research,
19(1), 112-128. (In Farsi)

Montgomery, D. C., Peck, E. A., Vining, G. G.
2021. Introduction to linear regression analysis
(6" ed.). Wiley.

Moradi, H., Fathabadi, H., Rezaei, V. 2023.
Assessing the impact of automated monitoring
systems on improving water efficiency in
agricultural reservoirs (Case study, Lake Urmia
basin). Iranian Journal of Irrigation and
Drainage, 17(2), 451-467(In Farsi)

Mouw, C. B., Hardman, E. E., Taber, M. A. 2022.
The future of aquatic remote sensing, A
perspective on the role of in situ observations in
the satellite era. Frontiers in Environmental
Science, 10, 867604.

NASA SRTM. 2020. Shuttle Radar Topography
Mission Digital Elevation Model. NASA Land
Processes Distributed Active Archive Center.

Ogashawara, |., Moreno-Madrinan, M. J., Alcantara,
E. H. 2022. The role of band selection in
chlorophyll-a retrieval algorithms in optically
complex waters, A machine learning approach.
International  Journal of Applied Earth
Observation and Geoinformation, 115, 103098.

Ogashawara, I., Moreno-Madrifian, M. J., Li, Y.
2023. A comparative analysis of vegetation
indices for monitoring water quality in inland
waters. Remote Sensing, 15(4), 1021.

Pahlevan, N., Smith, B., Schalles, J., Binding, C.,
Cao, Z., Ma, R., Gurlin, D. 2020. Seamless
retrievals of chlorophyll-a from Sentinel-2
(MSI) and Sentinel-3 (OLCI) in inland and
coastal waters, A machine learning approach.
Remote Sensing of Environment, 240, 111604.

Pahlevan, N., Chittimalli, S. K., Balasubramanian,
S. V. Vellucci, V. 2021. Sentinel-2

Gl (wlillgh & pis

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AFeb Ll g 5k ) o)l NF wls



DOI: 10.22125/agmj.2025.553723.1189

Zhang, Y., Li, X., Wang, K. 2023. A robust
approach for multi-temporal remote sensing
analysis using spectral indices in hydrological
modeling. Journal of Hydrology, 625, 130115.

Zhao, Y., Feng, D., Yu, L. 2022. Empirical
approaches for bathymetry estimation from
Sentinel-2 imagery in inland waters. Remote
Sensing of Environment, 272, 112956.

Journal of Agricultural Meteorology

resource monitoring. IEEE Journal of Selected
Topics in Applied Earth Observations and
Remote Sensing, 16, 1256-1272.

Yang, X., Li, Y., Zhang, H. 2023. Improved water
depth estimation using multi-spectral indices
from Sentinel-2 imagery. ISPRS Journal of
Photogrammetry and Remote Sensing, 185, 146-
162.

Zhang, Y., Liu, S., Wang, X. 2022. Agricultural
water storage systems as adaptation strategy to
climate change. Agricultural Water
Management, 269, 107641.

Sl (owlililgn &y pid

Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49

YO-FA. e AP0 lisli g 5l0 ) o)lods NF ul>



$323LiS (owliblgn &

Journal of Agricultural Meteorology (! T 3 a6l ot (sl & i)
olnlels sl o ool 4 219

(Iranian Soc. of Water and Irrig. Eng.) - “ .
Vol. 14, No. 1, Spring and Summer 2026, pp. 35-49 ‘ TO-FAao D glawlis slee ) oyl IF wler
DOI: 10.22125/agmj.2025.553723.1189 Ja':-li‘f'&"f.;; g R ole Ao

Ol

Monitoring the water depth of agricultural storage ponds using remote
sensing technology: a solution for optimal water resource management
(Case study: Shahroud county)
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Abstract

Monitoring the water depth of agricultural ponds is crucial for the optimal management of water resources and
irrigation planning, despite the implementation challenges and numerous limitations involved. This research
aimed to develop a cost-effective remote sensing-based model to estimate water depth in geomembrane-lined
ponds. The study utilized 190 field measurements of water depth from 14 ponds over a five-month period (from
Azar 1403 to Farvardin 1404) in the Majan region (Shahroud County), along with concurrent Sentinel-2 satellite
imagery. A comprehensive set of 96 independent variables (12 spectral bands and 84 spectral indices) was
extracted. After data refinement, a stepwise linear regression algorithm was employed to automatically select the
most effective variables and optimally model the relationship between the spectral variables and water depth.
Analysis of the spectral reflectance variation curve revealed a stable decreasing trend with increasing water depth.
Examination of correlation matrices uncovered distinct patterns in the relationships between the bands and spectral
indices. Using stepwise regression, the final model was developed with four selected spectral indices (NGBDI,
Bl 7, B1 9, and B6_9). This model demonstrated appropriate accuracy and reliability, with a coefficient of
correlation (R) of 0.75, a root mean square error (RMSE) of 70 cm, and a mean absolute percentage error (MAPE)
of 9.41%. Statistical evaluations, including analysis of variance (ANOVA) and diagnostic plots, confirmed the
model's acceptable performance. The findings affirm the effectiveness of remote sensing technology as a precise,
cost-effective, efficient, and scalable tool for monitoring the water depth of agricultural ponds, aiding water
resource managers in informed decision-making for agricultural water security.

Keywords: Agricultural ponds, Remote sensing, Sentinel-2 satellite, Water depth monitoring, Water resources
management
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