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1. Free Throughfall
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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

() ny SS& sl zoe dsb 55 asbAL o0 AL g5

Resolution (m) Center of Wavelength (nm) Band width (nm) Band name
60 442.7 21 (Coastal aerosol) \ kL
10 492.4 66 Blue) Y L
10 559.8 36 (Green) ¥ b
10 464.6 31 (Red) ¢ Ll
20 704.1 15 (Red edge) 0 &L
20 740.5 15 (Red edge) 1 1L
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) V) Ll
20 2202.4 175 (SWIR) VY &L
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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

;ﬂé))

AL el
Vegetation Index

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
[B8-(B3-B2-B4)]/[B8-(B3+B2-B4] GARI
[2 B8+1-[(2 B&+1)2-8(B8 —B4)]1/2]/2  MSAVI
0.16[(BS — B4)/(BS + 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) SoL sl pae gla ot ls
Vegetation indices derived from narrow bands (Red Edge)

(1/B3)-(1/B5) ARI
[(B8-B5)/(B8+B5)]/ [(B8-B4)/(B8+B4)] CCCI
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/B5 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

. e LS el G2 e g Joad Slabar L G S5 e
—
N" ° Selected Vegetation Season of Polynomial Regression Model R? Error
0
Index Sampeling
I CIRE s BAI=0.809 CIRE 0743 0.0
Fall
2 CIRE e LAI=0.325CIRE+0.842CIER?-0.245CIRE*+0.11  0.927 0.15
Spring
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CIRE CIRE
voG1 CIG
c1G RENDVI-2
GNDVI ARI
LCT GNDVI
NDVI NDVI
RENDVI-2 .. RENDVI-1
: GARI J GARI
a; OSAVI i BNDVI
% BNDWI X OSAVI
SIAVI :l) SIAVI
w, ARI v, VOG1
DVI 3, REIP
REIP VI700
RENDVI-1 EV1
VI700 LCI
VR MSAVI
MSAVI DV]
EVI PVE I
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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

s (Sols s S0 Wy o o £ e R?>  Error
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 =R
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 o
Spring Backward  LAI=0.77CIRE-2.69BNDVI-3.19PVR-2.53GARI+7.11INDVI-.01 0.921 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 Sl bee BADaxL2 a2l LADS , o 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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Fig 5. Leaf area index map in study area
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Table 6. Summary of descriptive statistics for measuring the maximum canopy storage capacity
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LA Z . .
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Spatial Modeling of Maximum Capacity Values of Rainfall Retention by Vegetation
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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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