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Abstract

Introduction

Access to clean freshwater has become a critical global challenge due to pollution from anthropogenic activities
such as urbanization and intensive agriculture. These pressures have significantly degraded lake water quality,
increasing the risk of harmful algal blooms—a phenomenon that is exacerbated by climate change. Lakes, as
multifunctional ecosystems supporting water supply, irrigation, and energy production, are particularly vulnerable
to eutrophication. This process is primarily driven by excessive aquatic plant growth, quantified through
chlorophyll-a (Chl-a) concentrations. As the dominant photosynthetic pigment in phytoplankton, Chl-a serves as
a sensitive biomarker for nutrient loading and lake trophic status due to its rapid response to environmental shifts.
Water surface temperature (SST) and suspended sediment concentration (SSC) are equally vital water quality
parameters. SST profoundly influences the biogeochemical cycles of aquatic ecosystems, while turbidity—a
measure of light-scattering suspended particles—reflects sediment dynamics and anthropogenic pollution. Remote
sensing technologies, particularly satellite platforms like Sentinel-2, have emerged as powerful tools for synoptic
water quality monitoring. This study evaluates the efficacy of Google Earth Engine (GEE) and Sentinel
Application Platform (SNAP) in analyzing temporal variations of water quality parameters (Chl-a, SST, SSC) in
Minab Dam Lake (2016-2023). The investigation further explores interrelationships between these variables and
environmental drivers.

Materials and Methods

This study evaluated the water quality of Minab Esteghlal Dam Lake using remote sensing techniques, integrating
field data from the Hormozgan Regional Water Company with multi-sensor satellite imagery. Sentinel-2 MSI
Level-2A and Landsat-8 OLI/TIRS Collection 2 Level-2 data were acquired from the Copernicus Open Access
Hub (2016-2023) to analyze Chl-a, SST, and SSC. The Normalized Difference Water Index (NDWTI) was applied
to delineate water boundaries, followed by atmospheric correction of Sentinel-2 data using SEN2COR. GEE was
used to facilitate large-scale temporal processing, while the SNAP enabled advanced spectral analysis, including
Chl-a estimation via OC2/OC3 algorithms and SSC quantification using red-band reflectance. Landsat-8 thermal
bands were used to derive SST through radiative transfer equations. Final outputs in TIFF format were visualized
in ArcGIS with standardized symbology, ensuring accurate spatial representation of water quality dynamics. This
integrated approach leveraged cloud-based (GEE) and desktop (SNAP/ArcGIS) platforms to optimize efficiency
and precision in monitoring the lake’s ecological parameters.

Results and Discussion

The analysis demonstrated a declining trend in Minab Dam Lake's water quality during the study period. Both
SNAP and GEE platforms consistently revealed seasonal Chl-a dynamics, with concentrations peaking in
spring/summer (attributed to elevated SST and optimal phytoplankton growth conditions) and declining in
autumn/winter (due to reduced temperature and solar radiation). SNAP exhibited superior performance in
atmospheric correction and spatial detail extraction, achieving 15-20% higher accuracy than GEE in Chl-a
quantification, with lower estimation errors (RMSE: 3.14 vs. GEE's 4.44). This precision stems from SNAP's
advanced algorithmic parameter customization capabilities, making it ideal for localized, high-resolution studies.
Conversely, GEE excelled in large-scale, long-term trend analysis, processing big data 40% faster through its
cloud-computing infrastructure and machine learning tools, albeit with marginally reduced precision. The SST-
Chl-a relationship exhibited nonlinear seasonality, with stronger correlations observed during warmer months.
While SSC generally suppressed Chl-a concentrations through light attenuation, episodic nutrient inputs from
sediment loads occasionally triggered transient phytoplankton blooms. Notably, SSC impacts were more
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pronounced during colder months, exacerbating water quality degradation. These findings highlight the platforms'
complementary strengths: SNAP for process-oriented studies requiring atmospheric precision, and GEE for
synoptic, time-series investigations. The results underscore the importance of platform selection based on study
objectives, whether high-precision local analysis or watershed-scale temporal monitoring.

Conclusion

This study demonstrates the effectiveness of remote sensing platforms in monitoring the water quality dynamics
of Minab Dam Lake, revealing a clear declining trend over the 2016—2023 period. The seasonal variability of Chl-
a concentrations—peaking in spring/summer due to warmer SST and favorable growth conditions, then declining
in autumn/winter—was consistently captured by both SNAP and GEE. However, their complementary strengths
highlight the importance of platform selection based on research objectives: SNAP proved superior for localized,
high-precision analysis, excelling in atmospheric correction (15-20% greater accuracy) and spatial detail
extraction. Its customizable algorithms make it ideal for mechanistic studies requiring fine-tuned parameter
adjustments. GEE enabled efficient large-scale and long-term assessments, reducing processing time by 40%
through cloud-based workflows. While slightly less precise, its machine learning tools and data scalability are
invaluable for trend analysis. The complex interplay between environmental drivers—such as the nonlinear SST-
Chl-a relationship and the dual role of SSC as both light attenuators and nutrient sources—underscores the need
for integrated monitoring approaches. These findings provide actionable insights for water resource management:
SNAP can guide targeted mitigation of eutrophication hotspots, while GEE supports system-wide policy decisions.
To enhance the monitoring and management of Minab Dam Lake, a hybrid approach combining high-precision
SNAP analysis for localized eutrophication hotspots and GEE-based large-scale trend assessment is recommended.
Targeted mitigation strategies, such as reducing agricultural runoff and controlling sediment inflow, should be
prioritized in critical zones identified through SNAP’s detailed Chl-a mapping. Meanwhile, GEE’s rapid
processing capabilities can support real-time policy adjustments by tracking seasonal water quality variations
across the entire watershed. Additionally, integrating in-situ sensors with remote sensing data can improve
predictive modeling, particularly under climate change-induced stressors. Finally, stakeholder
collaboration between environmental agencies, local communities, and policymakers is essential to implement
sustainable water management practices, ensuring long-term ecological balance in the lake ecosystem.
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Figure 1. Location and geographical situation of Esteghlal Minab dam located in Hormozgan province
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Table 1. The locations of sampling stations

Station No. Longitude Latitude
1 57°07' 02" 27°09' 54"
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! Suspended sediment concentration
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Figure 2. Flowchart of the research method
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Figure 3. Measured and estimated chlorophyll-a changes during the statistical period of 2016 to 2023 using SNAP in Sentinel-2

[ ]
10 * L )

60
= 50
2
S 40
£ °
< o0
= 30
@)
B 20 1 ]
<
£
<]

0 10 20

y = 1.08x +0.03
R=0.82

30 40 50

Observed Chl-a (microgr/lit)

Y - Jiginns Btz 33 SNAP 31 2315iw! b a— g oIS 0uuid 3 59 31 9 0uid (5 1503101 sadle (ot (Siwnod —€ JSWS

Figure 4. Correlation between the observed and estimated Chl-a using SNAP in Sentinel-2

ok (VFY) RMSEg (VYY) MAE a5 )31 (+/A) 5 b
Slgio (Siwad Lol .53 3925 59 Jdo (slallad a5 wimd o
Lol e 58les lawgie jobay alale pwlde )
Js3 L5 8394 1> RMSE § MAE  (+/AY) St
Iy 263 5ySlas (it Jdo ggomo ) .Cal (F/AY) 4 (Y/0+)
sl g ol 5o ol 3,8kee g amd oo LS lie 9 Jloe 5

2,0 dgu0 4 5L5

(Sl 8 by i Jao oo s Jals Y Sy

S e b 3 ] lale s 5 Jlo S Sl
5 (V¥3) RMSE 5 (V+A) MAE (3505 b Jae 5,Skes
Jde sl 3 5d o sdaline (+/AY) (Siwed p YL
SYL (#/5+) RMSE 4 (Y/0+) MAE L o)y (5505 Como
RMSE 5 MAE sk sl Jab > (+158) 5o (Stusad
e > e (+IVVT) S  (VI0F)  (F1A) o
PP Sumed 015 Dyl g ok sdaline polie e 4

Y — Jiiiw Bz Ly SNAP 13310 5 U 005 3591 1 9 02 lite pr3lie (gldo )lof —F Joua
Table 2. Average statistics of the observed and estimated values with SNAP software with Sentinel-2
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Season Corelation Observed average Estimated average RMSE MAE
Spring 0.93 7.83 7.61 1.49 1.08
Summer 0.65 16.26 15.01 6.60 3.50
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Figure 6. The measured and estimated chlorophyll-a changes from 2018 to 2022 using GEE in Landsat-8
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Figure 7. Correlation between the measured and estimated values using GEE in Landsat-8
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Table 3. Average statistics of the observed and estimated values of chlorophyll-a with GEE in Landsat-8

Season Correlation Observed average Estimated average RMSE MAE
Spring 0.31 7.34 9.86 5.16 3.78
Summer 0.83 16.43 16.70 3.26 2.15
Fall 0.95 17.15 19.77 3.58 2.65
Winter 0.62 6.81 9.77 5.64 3.11
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Table 4. Average observed and measured values of chlorophyll-a with SST and SSC using GEE at Landsat-8

Variable Season Average STD Correlation
Spring 33.60 4.11 0.24
Summer 34.42 542 0.72
SST (°C) Fall 27.18 5.10 0.54
Winter 20.23 4.66 0.23
Monthly 30.63 6.89 0.17
Spring 8.10 5.84 0.36
Summer 7.96 3.86 -0.18
SSC (mg/lit) Fall 5.95 2.33 -0.28
Winter 8.50 9.05 -0.14
Monthly 7.79 5.63 0.11
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Figure 10. Average monthly concentration of chlorophyll-a (a), SST (b), and SSC(c) at 2021 using GEE at Landsat-8
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Figure 11. Chlorophyll-a (a), SST (b), and SSC (c) map for the seasons of 2021 using GEE at Landsat-8
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Figure 12. The annual average map of chlorophyll-a (a), water temperature (b), and water turbidity (c)
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