ol o glie lisdisos
Iran-Water Resources
Research
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Abstract

Water quality management in inland lakes requires continuous
monitoring of chlorophyll-a (Chl-a) concentration and trophic
state. As a critical variable of eutrophication, concentration of
Chl-a in the northern part of the Lake Urmia was modeled
using Multiple Linear Regression (MLR) and Artificial Neural
Networks (ANN) models developed based on Landsat-8 and
Sentinel-2 satellite images. Based on Landsat-8 images both
models (ANNLandsat-8, MLRLandsat-8) accurately estimated
Chl-a concentration in the north of Lake Urmia, while models
based on Sentinel-2 images (MLRSentinel-2 and
ANNSentinel-2) showed poor performances. Moreover, the
ANN models performed slightly better than MLR models
based on both Landsat-8 and Sentinel-2 images. According to
the better performance, the optimum ANNIlandsat-8 model
(with a hidden layer) was used to analyze the spatiotemporal
variation of Chl-a concentration and the trophic state index
(TSI). In the northern part of the Lake Urmia, analysis of the
spatial pattern of Chl-a concentration showed an increase
towards the central deeper parts and a decrease towards the
causeway. Furthermore, the average concentration of Chl-a
and TSI in the northern section of the lake increased
significantly from February to July followed by a drop between
July to September and then a rise between September and
October. Based on the optimum ANNLandsat-8 model,
northern Lake Urmia experienced acute mesotrophic
conditions in February and September of 2016, and mild
eutrophic conditions in July, August, and October.
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Index, Atmospheric Correction.
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Table 2- Details of chlorophyll-a concentration of the northern Lake Urmia in 2016 corresponding to the
satellite images used in the present study
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Table 4- Results of Chl-a concentration modeling with ANN models based on Landsat-8 and Sentinel-2
images

Y- Jisiian g A-Cuwsid 19lad 31 so ANN (glaaoe U 1-Judg I CBIE (g5lo]e gl -F Joa

Number

Feature

Sensor fiIItDeartiarll of paired selection ég%%ts n o m tc R?  R2adj I?Mfll)z
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Alldata 25 Based on
optimum MLR {B2,B5} 50 0.0095 09 175 059 055 3.22
Based on
La_rgi?tS optimum ANN {B2,B5} 50 0.0095 0.9 175 059 0.55 3.22
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All bands B3, B4, B5} 16 0.01175 0905 75 0.74 065 1.99
Outlier Based B2 B4
21 ased on {B2, B4,
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o = Learning Rate, m = Momentum, tc = training cycle and n = Number of neurons in hidden layer
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Fig. 7- Evaluation of the modeled Chl-a concentration in the north part of the Lake Urmia using ANN based
on Landsat-8 (a-c) all data and (d-f) outliers removed; and Sentinel-2 (g-i) all data and (j-1) outliers removed
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Fig. 8- Maps of Chl-a concentration in the north of Lake Urmia obtained from the optimum ANN- model
based on Landsat-8 images for February, July, August, September, and October 2016
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Fig. 9- Carlson TSI index (TSI) based on Landsat-8 images in February, July, August, September, and
October 2016 in the northern part of the Lake Urmia
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Fig. 10- The average observed and modeled Chl-a concentration and TSI obtained from the optimum ANN
model using Landsat-8 images in the northern part of the Lake Urmia
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