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1. Free Throughfall

VEY laul —1) o,lods —paaia Jlo

Y

VELY bl 1) 0l — g2 JUo

CdlagS Cad b o Sl il Jow
P gy gl bwy ik
(3889 0w sS4 )5 Cg> (58,59))

T Il Wl 5753 5,80 s ol gt i S e ) jgalisly o el

ASAAMASEF R R AL SATARVAA S ISRy TRl

(<

RO B T e
2 &S Lol Jhagh 5l OBas Ll (S50 sdde s
Cud b iSla gilwddes A plxl sl Ol 51 (gles gdons
el 3 oplply 2 A0k 03 sl OIS il g £
s Oy 4 Sl gl Gasls 5 S plaw asls
eV s bl prnes S esliiul Sl g £ U 53508 5
oaLE N b alie )3 e b ad Sk bkl Sl e LS
20 Y=z Gloylabe polas g slaskil e A
NP g 550 S g a5 5L phao glaas s 54l
5 013 e faad 5 (5,05 padgad 3 ealaiul b aslsl o .28 S
S (5o £ sladtas Sl eslial 5 K25 =B ole
e L BT R S el
g o ) Sl el 5l e & CIRE jasls ols 0ls
2 3 26 sles 300 p (a2 Ulge 4 Cdl g
oali s (R= 0 VE) als b ol ooy (pasld g3 5
Sildts i peomes dil @il (R= +AY) S o
S 51l 4 5l 0L Sl e pid b b ST
WWE G o 31 g 5wl o e Al 5 e b VY G
ol it 5l Juad 53 Sy a5 e e

03 Cud b iSTu (S5 sk 5 ledde iB0 Slguuls”
‘;AES/ s ls Y- e glad ot 5 CB’

}&}&LA eI °}J§‘)3’.U-TL!“"'L€"~5C.9J& ‘_QJISJ L;}"':"-’b_\
Ol Ol Ol ol ¢l s 0dSLELs ( lion S
4d.l:\....aj§ 9 Ko yl..a ;L:;-l 5‘5; sl E) J}iﬁﬁ G.L.vwd.‘}..' -Y
A;.;;}JIQ\ C/vuv-’" U‘J’l‘ 40';@3 cd\;@ﬁ AK.:VJ‘J ‘Lﬁb CLA oIS s
salajegh@ut.ac.ir
i 55 5 St bl el o3 8 Lokt 5 LS Lo 5 =8 5T
U‘f“‘ 40';@3 cQ\Jg_T AK.:VJ‘J ‘gf"i”k CLA 0 ISESNs

Ol ol (owsias 9 osle


https://dor.isc.ac/dor/20.1001.1.20089554.1402.17.61.7.1
http://jwmsei.ir/article-1-1137-fa.html

[ Downloaded from jwmsel.ir on 2025-08-03 ]

[ DOR: 20.1001.1.20089554.1402.17.61.7.1]

035 ol yor oo Allr L diies ALS Gbaartls anles
03 gdome 5 el 2t CL,.:\ Sl s SSed
A5 S s ssmse L35I8 s @ Geibliaes ;U il 50 8
S35 305 03ole St 53 el M e sy a0 pr
@abate ALS (i slapat e Cnl VL LS 2y UL
byos Llodd (b ALS iy b (Shs ol Al
S e oslizal Wl ol 5l st bl s S s asls
22 by g Uk )y ome 4 LS e li S B
Cils Al (63 sdme Dl ks olS iy Lol ek S e 03 gdes
ph g 4l LS mla/ S e (et li plil Olge 4 &S
Seslizad U1y alS Jidgs o Oel b ol s slas [ ]
L) 508 Og3le 5 508 UL 5o Lgd gbr &0 SSUL ga L sl
Soob slail a8 cl esls OLaS Sldlas Liles S el (&
e Lo g5 (e 5L VO B TAY) 50 8 ad o5 gdome 53 ol CEU
DILS o 3 S0 cod S plaw Gastls 5 58

oty Sob b Sl ledle ol lagh 5l e
S SSidaoda las S ol asdlls 5 50 adkete Szl
S assle dde ol bbb

Al o iS Ol cadlate s e alS iy )

2 SN s s Sl I iy b JelS gLl G Y
NIV P Ve = O s

Chw o2l 4 by e Ol Jab s Sl gt <ok -y
el S e et li b e ) SI Jab s 5 e ls

sl fesly (rasn Jeol Oas glal, s iomen
gl 5 Sl Glaarls 55l 6l ¥ -t stz
Gl et Gie LS lajasls e )y 5 eld
3 S B s 350 e G 5 505 ad L

B w9y 9 3lge

andlas 5, 40 adlaie S pas

2 E SeshS YOu sgus el Uoasllae 350 aies
e3gdowe b gy 18 5a O 8 (6 eSS Y 5 Ll sl
a3 0V B bV 5 addn V) 5 am 5 0F Lol ar Comdse 5o
£ 5 4B YA 5 a5 YA 5 38 Jeb 43U V) 5 aids Ve
saaly 13 L 50 ailiYo 5 aids £ 54,5 V4L 40U
UL il L gie () JS8) Sl 55 o e ST5 31 oo
Llsl 5l boee Wa 5oL 5055 e Joe 080 anllas 350 63 gdoes
@J:»Jfﬁb:Lj;».:)l:ulz\CMi.g.ﬁJJ\Jﬁ-UlU)@ijlj
ol S8 sl S mle am oA 3V C 5w dleobe oy 55 i
.l Crataegus azarolus ailaw _Js LS 48 .ol

VELY sl — 1) 0yl — paaia Jlo

\3

A3 5 Al el e (ol Slilgl 5 Cunbad pds L ol e
S g s S s g gb et o b Sl
o oot S s laatls Ole ol js a8 55 0 J S alS
S S ITE] S o W) (hd g o b b S s 53
s b ot 5 A5 b sb 5o Sy Sl pdd a5 L S0
e WDl ol b e 5 2 bl Gy S 0L
53 oplple DET sls (Koo O e 5 olS 53 40 4S o3 S
ke L5 e Ol Juad 53 aasls g o) S 0lalS
S Wl 0L O Gl 5 1 ege SR Sy g ol
oS S soke sladie b s S ol esbpe ol
Ole e 55 LS sdaes sy bl ol antls O @
s i oL ol 5,8 s 50 bS5 deasls 2E , esdle
gl atls 5 LAD Sy sl jasls s walps |
03 (s CU ($3 508 @)'jj 3 duiﬂ Olge o BAID)" 4L
Ulge a5 o3 SMHEH0 (S3dosks sladul 3l ol
35 g oalital (G ssde il ladie Sl gols (3555
Kﬁg_éucb.«g;}ungﬁ_fﬁchﬂua}u.[n]
sl el sl i ol il e e Al
o b et Lt sl 45 ol ) L 53 e e 0 L
i S daly 8 e Y wsls sk g a4l lases bo s
(e gr (6 xS o310 s sba sy 3l eslimal boax ST [V00A]
Gl gy Lol 3 8 o s VL 35 L ol sla sl
p s Ol A Do S ey Sl &S
03,0l (s dal 5o (il g Sl 1y ey S 1S 5
WS o33l s sy (558 s DMaline (554 5SS slacd iy
Aoz lie 03 S3dsode a5  glS lixl Sos sl
IR S ISTRRS = S INEST LI A QY IS S v
S s s 4 sl (gl Ll U8 (g5l 5l S Cnl ST
s i Gl s DLW plede 5 (Kb
S o ol b ALS

Sl ikl gedkovis H4eb Lol gladle s
G ALE e asls &1 OGl zan 5 o> 2lS Lib
L oslin 53 QLS s poite slanasiie g Seslhl sl
AL sl el [V] cl sl o2l b Lo slasdomin
Colie bl 3 AlS i ab e, Ol il
L AL Sl parls it Bl 4 ar g b dipd e i1
sl el (S bbb b b Slalie Sl el s
e Sledde b 5l L el sl e OISl S s 5 el
Hee) ke S el Anl b oS 5053 3,005 onl 3 el
oisel e 3l esliial s 5 g3 Samdly slaenls b (O gaes S 5
IY0] ol a3 5550 eyl a3l (sl oS wsls

1. Leaf Area Index
2. Branch Area Index
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Table 1. Sentinel-2 MSI satellite characteristics (https://sentinel.esa.int)
Sentinel-2A

(o) (o SS& (asl) zsn dsb S (el 50 M

Resolution (m) Center of Wavelength (nm) Band width (nm) Band name
60 4427 21 (Coastal aerosol) \ .l
10 492.4 66 Blue) ¥ LL
10 559.8 36 (Green) ¥ b
10 464.6 31 Red) ¢ xb
20 704.1 15 (Red edge) o 1L
20 740.5 15 (Red edge) 1 &L
20 782.8 20 (Red edge) v &L
10 832.8 106 (NIR) A 5L
20 864.7 21 (Narrow NIR) A8 L
60 945.1 20 (Water vapor) 4 .l
60 1373.5 31 (SWIR-cirrus) V+ b
20 1613.7 91 (SWIR) VY wL
20 2202.4 175 (SWIR) \Y .UL.
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Table 2. Vegetation indices used in this study (derived from broad and narrow bands of Sentinel-2)
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Equation Abreviation

;:l.i.))

AL el
Vegetation Index No

ok skl e gla el
Vegetation indices derived from broad bands

2.5 (B8 — B4)/(B8 +6 B4 — 7.5 B2 +1) EVI
(B8 —B3)(B8 +B3)  GNDVI
(B8 —B4)/(B8 +B4)  NDVI
[BS8-(B3-B2-B4)]/[B8-(B3+B2-B4] GARI
[2 B8+1-[(2 B&+1)2-8(BS — B4)]1/2]/2  MSAVI
0.16[(B8 — B4)/(B8 + B4+0.16)  OSAVI
(B8 —B2)(B8 +B2)  BNDVI
2.4(B8-B4) DVI
B8/B4+B12 SIAVI
(B3 — B4)/(B3 +B4) PVR

Enhanced Vegetation Index 1

Green Normalized Difference Vegetation Index 2
Normalized Difference Vegetation Index) 3
Green Atmospherically Resistant Index 4
Modified Soil Adjusted Vegetation Index 5
Optimized Soil Adjusted Vegetation Index 6
Blue Normalized difference vegetation index 7
Differenced Vegetation Index 8

Specific Leaf Area Vegetation Index 9

Photosynthetic Vigor ratio 10

(God ad) SOb sl pne gla et ls
Vegetation indices derived from narrow bands (Red Edge)

(1/B3)-(1/B5) ARI
[(B8-B5)/(B8+B5)]/ [(B8-B4)/(B8+B4)] cccl
700+40[(B4+B7)/2)-B5]/(B6-B5) REIP
(B7/B5) -1 CIRE
(B8-B5)/(B8+B5) LCI
(B6-B4)/(B6+B4) RENDVI-1
(B7-B4)/(B7+B4) RENDVI-2
(B5-B4)/(B5+B4)  VI700
B6/BS VOG
(B7/B3) -1 CIG

Anthocyanin reflectance index 11
Canopy Chlorophyll Content Index 12
Red-Edge Inflection Point 13
Chlorophyll Index Red Edge 14

Leaf Chlorophyll Index 15

Red Edge Normalized Difference Vegetation Index-1 16

Red Edge Normalized Difference Vegetation Index-2 17

Vegetation Index 700 18
Vogelmann Indices 19

Chlorophyll Index Green 20
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1. Multiple Linear Regression
2. Polynomial Regression
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Table 3. Polynomial Regression model of selected vegetation indices

[—-X
N" ° Selected Vegetation Season of Polynomial Regression Model R? Error
0
Index Sampeling
1 CIRE =4 BAI=0.809 CIRE 0.743 0.04
Fall
2 CIRE e LAI=0.325CIRE+0.842CIER?-0.245CIRE*+0.11  0.927 0.15
Spring
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Fig 3. Priority of vegetation indices selection to estimate the Branch Area Index (Right) and Leaf Area Index (Left) in

polynomial regression (Red strips indicate vegetation indices resulting from red edge bands and blue strip indicate vegetation

indices resulting from broad bands)
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Table 4. Multiple Linear Regression model of selected vegetation indices

S

a3y (Gl s =S B ot g 55 ke R’ Frror
No Season of Method Multiple Linear Regression Model
Sampeling

y Forward BAI=0.91CIRE*+0.018ARI*-0.55VOG*+0.53  0.705  0.053

1 B
Fall Backward  BAI=0.55CIRE-4.1EVI+4.160SAVI-.82BNDVI-1.04PVR+0.135 0.724  0.049
e Forward LAI=0.96CIRE+0.047 0.913 0.187

2 Pl
Spring Backward LAI=0.77CIRE-2.69BNDVI-3.19PVR-2.53GARI+7.11NDVI-.01 0921 0.169
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Table 5. Assessment of regression model using evaluation criteria

(PR: Polynomial Regression, F: Multiple Linear Regression-Forward, B: Multiple Linear Regression-Backwars)

sl sk BADLs mlans axls LADS , mhaw jaxls
evaluation Branch Area Index (BAI) Leaf Area Index (LAI)
criteria PR F B PR F B
RMSE 0.047 0.058 0.051 0.161 0.184 0.169
NS 0.823 0.743 0.803 0.933 0.912 0.926
KGE 0.876 0.805 0.852 0.951 0.936 0.948
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Table 6. Summary of descriptive statistics for measuring the maximum canopy storage capacity
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) o Standard Error
type samples surface unit) deviation
el e 100 0.287 0.02 0.002
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u Z . .
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Abstract

The maximum canopy storage capacity is an important parameter in hydrological models. The aim of the
present study, which was conducted in a region of Fars province, was to model the maximum canopy storage
capacity for storing rainfall. Therefore, the parameters of leaf area index and branch area index were used
as a pattern of the vertical distribution of canopy. Additionally, the ability of 10 vegetation indices produced
from narrow- red edge bands compared to 10 vegetation indices produced from broad bands that resulted
from Sentinel-2 satellite imagery in estimating branch and leaf area indices was investigated. Subsequently,
using sampling in autumn and spring seasons, laboratory results and regression models, maps of maximum
canopy storage capacity were drawn for these seasons. The results showed that the CIRE index, which was
produced from narrow- red edge bands, was able to estimate both branch area index (R2=0.74) and leaf area
index (R2=0.92) values very well and was the best index. Additionally, the modeling results of maximum
canopy storage capacity showed that this capacity varied from zero to 1.32 mm per pixel in autumn and
from zero to 1.74 mm per pixel in spring.

Keywords: Hydrological modelling, Maximum canopy storage capacity, Sentinel-2 image, Vegetation

index.
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