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● Shallow, polymictic lake with a decreasing 

trophic gradient along the SW-NE axis. It 

underwent eutrophication issues, but conditions 

had improved (Istvánovics et al., 2022).

● Despite that, a large algal bloom event 

occurred during late summer 2019.

● Complex optical properties, due to different 

concentrations of algae (chl-a), CDOM, Total 

Suspended Matter (TSM) and low depth.

● Atmospheric correction (AC) of satellite images represents a critical step for accurate water 

quality (WQ) assessments, as the signal received by the satellite sensors is affected by different 

parameters, such as high concentrations of Optically Active Constituents (OACs), sun- and 

sky-glint effects, and the adjacency effect.

● The ACOLITE open-source processor is widely used to AC satellite imagery over inland waters.

● The primary aim of this study is to evaluate the accuracy of the ACOLITE AC processor applied 

to Sentinel-2 MSI imagery in a productive turbid lake and monitor an algal bloom event. 

● To evaluate the AC results, the satellite-derived Remote Sensing Reflectances (Rrs) were 

statistically evaluated against in-situ Rrs measurements. Chlorophyll-a (chl-a) concentration 

products were calculated using three established models (OC2,OC3 & MDN) and an empirical 

index, the Normalized Difference Chlorophyll Index (NDCI), was derived. The model results 

were compared with in-situ chl-a concentration measurements.

● Changes in the OWT of the lake were observed when the algal bloom occurred. On the 31st of 

August, the south-west basin was characterized as “green hyper-eutrophic water” (5b). On the 15th

of October 2019, the OWT was classified as 4b, indicating the recovery of the lake environment. 

● The AC showed lower performance at 443 nm and 665 nm, likely due to increased atmospheric 

scattering and absorption by water constituents, as well as the 443 nm band's coarser 60 m 

resolution and higher water absorption at 665 nm.

● In many sampling stations, the Rrs values of the bands ranging from 740 nm – 865 nm were negative, 

likely due to high water absorption and therefore were not considered in the statistical evaluation.

● NDCI values correspond to similar in-situ chl-a concentration ranges as introduced by Mishra and 

Mishra, 2012. Thus, the index can be used for qualitatively monitoring chl-a with satellite imagery.
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● The OC2 and OC3 models show minor differences in accuracy, with the OC3 being overall slightly better 

than the OC2. Both show limitations in capturing chl-a concentration when it’s higher than 12 mg m-3.

● The MDN model seems to be more sensitive to large absolute errors. It tends to overpredict, especially in 

areas near the lake’s shores with higher sediment concentrations. Overall, it exhibits a better model fit, 

capturing the overall chl-a pattern more accurately than the OC2 and OC3 models.

● Although the models were not locally trained, they were able to capture the variability of chl-a 

concentration across the lake and the different dates. Creating an algorithm adjusted to the local lake 

parameters for calculating chl-a concentration could yield better results.

● Testing different parameters in ACOLITE and improving the AC could also result in the improvement of the 

chl-a concentration model outcomes.
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Remote Sensing Reflectance (Rrs) –

Accuracy Assessment Metrics

443nm 490nm 560nm 665nm

MAE 0.013 0.012 0.011 0.012

RMSE 0.015 0.015 0.013 0.014

MAPE 2.248 0.775 0.365 0.904

MAPE (%) 225 78 37 90

r 0.78 0.80 0.83 0.44

R2 0.60 0.64 0.69 0.19

Spectral 

Angle (SA)
12.0o

Overall R2 0.61

Table 1: Utilized satellite data

Overview map of 

the study area

Chl-a concentration models –

Accuracy Assessment Metrics

OC2 OC3 MDN

MAE 7.62 6.28 20.08

MSE 121.68 87.58 2641.75

RMSE 11.03 9.36 51.40

MAPE 1.16 1.54 0.89

MAPE(%) 116.31 154.30 88.78

r 0.59 0.62 0.79

R2 0.35 0.38 0.63
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Lake Balaton – Western Hungary

● The AC with ACOLITE performed well for the 490 nm and 560 nm bands and worse for 

the 443 nm and 665nm bands, showing large percentage errors in the blue 443 nm 

band. The spectral angle and overall R2 show moderate performance across all bands.

● The highest concentration of chl-a was observed in the SW basin of the lake in late 

August 2019, exceeding 100 mg m-3. Conditions improved by October, indicating the 

bloom’s dissipation.

● The NDCI index revealed elevated values in July in areas where in-situ chl-a 

concentrations were also high.

● The OC3 model performs overall slightly better than OC2, exhibiting fewer absolute 

errors and a better fit. Although the MDN model presents much higher absolute errors, 

the overall model fit is significantly better.
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OWT Classification

31.08.2019

● Optical Water Types (OWTs) observed on 02.07.2019, using the Bi 

& Hieronymi, 2024 classification scheme: very bright green, 

showing phytoplankton blooms with higher scattering coefficients 

and sharing similar detritus and CDOM distribution (4b), green 

eutrophic water (5a), and green hyper-eutrophic water (5b).

In-situ measurements

Parameter Unit
Method/

Instrument

Rrs 1/sr

TriOS

RAMSES 

radiometer

chl-a mg m-3 HPLC

Table 2: In-situ measurement details 

(Hunter et al., 2021) 

Table 3: Rrs Accuracy Assessments Metrics

Table 4: Chl-a Accuracy Assessments Metrics

● A large part of the SW basin was classified 

as “green hyper-eutrophic water” (5b) in 

the image from 31st August 2019.
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