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Abstract

Background and Objectives: Given the significance of investigating and monitoring riparian ecosystems, this project was
designed to identify and map the land cover, including tree and shrub species classes, around the Zarineh Rood River in
West Azerbaijan province, Iran. Recognizing that the separation of lands with high spectral similarity using single-time
images is not precise, this study utilized a time series of satellite images, capitalizing on the phenological differences of
plant species.

Methodology: The research separated the land cover classes into two stages. In the first stage, the time series data from
Sentinel 1 and 2 were used to map different classes of tree cover (natural, wood farming, orchard), shrub cover (natural,
orchard), grass or pasture, agriculture, residential lands, soil, and water bodies. Given that seasonal changes in the images
can provide valuable information about land cover classes, a one-year (2021) time series of Sentinel 2 optical images and
Sentinel 1 radar polarizations for 2021, in the form of median in each season, were processed on the Google Earth Engine
platform. The data were classified using four composites of input features and four classifiers. In the second stage, to
separate the vegetation classes into Tamarix, willows, orchard, and poplar plantation, the trend of one-year changes of
normalized difference vegetation index (NDVI), normalized green red difference index (NGRD), normalized difference
red edge index (NDREI), and green normalized difference vegetation index (GNDVI) combined with HV polarization of
Sentinel 1 radar in the form of median in seasons, was used as an input feature. The land cover map produced contained
Tamarix, willows, orchard, poplar plantation, grass or pasture, agriculture, residential lands, soil, and water bodies.
Results: In the first stage of classification, the input feature of NDVI (Monthly) Radar (Seasonal) Sentinel 2 (Seasonal)
and the random forest classifier were the best feature and the most accurate classification algorithm, separating the classes
from each other with an overall accuracy and Kappa coefficient of 88% and 0.85, respectively. In the second stage of
classification, the NDVI index between the months of April and November enabled the separation of all four tree and shrub
covers. GNDVI between December and April was the best indicator for separating willows. Also, between May to
November, it effectively separated Tamarix. NGRDI was suitable between May and November for separating Tamarix and
also separated the poplar plantations between April and November. The GNDVI index between April and September
effectively separated the two categories of orchards and poplar plantations from Tamarix and willows. The map was
generated using the mentioned input feature and random forest algorithm. The overall accuracy and Kappa coefficient
obtained from the validation relying on ground samples and Google Earth images were 80% and 0.77, respectively. The
main diagonal of the error matrix shows the highest separation between water, soil, and urban land classes. Among the
vegetation classes, willows and agricultural lands exhibited the best distinction.

Conclusion: The variation in a plant’s phenology, encompassing leafing, blossoming, fruiting, fall, and sleep cycle, leads
to changes in the values of vegetation indicators during the seasons, which can be utilized in mapping vegetation to enhance
separability. Consequently, if tree and shrub stands are pure and exhibit a different phenological behavior from their
neighbors, they can be distinguished with higher accuracy using time series of satellite images.
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Figure 1. Riparian ecosystem of Zarinehroud in West Azarbaijan province, Iran
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Table 1. Vegetation indices calculated using Sentinel 2

Index Spectral range Symbol Formula
Normalized difference vegetation index Red-NIR NDVI _NIR — Red
GN IR + ngdd
Normalized green red difference index Vis NGRDI Green — ke
Green + Red
N lized diff d edee ind RE-NIR NDREI NIR — RedEdge
ormalized difference red edge index R NI+ Redbides
Green normalized difference vegetation index G-NIR GNDVI —NIR — Green
NIR + Green
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Table 2. Comparison of overall accuracy and kappa coefficient according to layers and algorithms

Validation Validation
No. 11;;2;; Algorithms Overall Kappa No. Input layers Algorithms  Overall Kappa
accuracy . accuracy .
(%) coefficient (%) coefficient

SVM 70 0.65 SVM 86 0.82
. CART 74 0.67 NDVI CART 75 0.68

j Sentinel2 Minirmum 3 (Monthly).  Minimum
(Seasonal) Distance 60 0.52 Radar (Seasonal)  Distance 51 0.42
Random Forest 75 0.7 Random Forest 83 0.78
SVM 70 0.62 NDVI SVM 79 0.73
(MNDtXlI ) CART 73 0.66 (Mlgn:lhly)_ CART 78 0.73

on L. adar L.
2 SentinefZ_ I\glllsltl::;? 60 0.52 4 (Seasonal) I\glllsltl::;? 60 0.52
(Seasonal) Sentinel 2

Random Forest 76 0.7 (Seasonal) Random Forest 88 0.85

NDVI (Monthly) ,; RF @z, 531 (W NDVI (Monthly) ,; SVM oz, Sl (¢ NDVI (Monthly)_ ; RF i, 83 (z NDVI _; SVM o3, 1 (3

Radar (Seasonal) Sentinel 2 Radar (Seasonal) Sentinel 2 (Seasonal) Radar (Seasonal) (Monthly) Radar (Seasonal)
(Seasonal) B) SVM Classifier NDVI C) RF Classifier NDVI (Monthly) D) SWM Classifier NDVI (Monthly)
A) RF Classifier NDVI (Monthly) Radar (Seasonal) Sentinel 2 Radar (Seasonal) input feature Radar (Seasonal) input feature
(Monthly) Radar (Seasonal) Sentinel (Seasonal) input feature
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Figure 4. Primary land cover maps of riparian area of Zarinehroud, resulting from the most accurate classfiers
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Figure 5. One-year trend of NDVI, NGRDI, NDREI and GNDVI for willows (Sal), Tamarix (Tam), orchards
(Orch) and poplar plantations (Pop)
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Table 3. Time of maximum discriminability of one species from the others using the indices

Poplar Orchard Willow Tamarix
Index
2020 2021 2020 2021 2020 2021 2020 2021
NDVI Oct to Nov Jun to Sep - Apr to May - Apr to Sep Oct to Nov Apr to Sep
NGRDI - - - Apr to May Oct Apr Oct to Nov May to Sep
NDREI Oct to Nov - - - Dec May Oct to Nov May to Sep
GNDVI Oct to Nov Jun to Sep - Aug to Sep Jun to Sep Oct to Nov -
RS- L;LMJ.,L do s g Sl —F Jous
Table 4. Area and percentage of land cover classes
NO. Land cover Area (ha) Area (%) NO. Land cover Area (ha) Area (%)

1 Poplar 231 2 6 Pasture 413 3.6

2 Orchard 914.7 7.9 7 Water 1475.5 12.7

3 Tamarix 983 8.5 8 Soil 1978.3 17

4 Willow 782 6.7 9 Residential land 382.6 33

5 Agriculture 4446 383 10 Total 11606.1 100
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Table 5. Error matrix
Percentage Agriculture Pasture  Residential land ~ Water Soil Tamarix  Orchard  Willow  Poplar
Agriculture 88.2 1.8 0.6 0 0 0.6 4.1 0 4.7
Pasture 190 54.8 0 2.4 19 4.8 0 0 0
Residential land 0 0 91.7 0 8.3 0 0 0 0
Water 1.4 0 0.7 96.4 0.7 0 0 0.7 0
Soil 2.6 1.3 0 0 93.4 2.6 0 0 0
Tamarix 6.5 0 7.5 2.2 4.3 61.3 0 18.3 0
Orchard 9.1 0 0 0 0 0 66.4 2.1 224
Willow 0 0 0 1.5 0 2.9 0 94.1 1.5
Poplar 0 0 0 0 0 0 26.2 9.5 64.3

Legend

. i b
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Poplar Tamarix | Agricullure Water AT
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Figure 6. Final land cover map of riparian area of Zarinehroud, including vegetation classes
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