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Tri An reservoir (Vietnam)
- Dong Nai river basin – second largest basin in Vietnam

- Provide freshwater for agriculture, irrigation, fisheries, hydro-
power

- Surface area: 320 km2

- Maximum depth: 27 m

- Suffer intensive nutrient

loading from surrounding

anthropogenic activities

High occurrence of harmful 
cyanobacteria blooms 

- TN (0.25–1.3 mg/L) and 

TP (0.05–0.14 mg/L) → 

eutrophic reservoir. 



Harmful cyanobacteria blooms in Tri An reservoir 

- Mycrocytis and
Anabaena colonies
dominant (Dao et al.,
2016), producing toxins
and hence, HABs

Heavy bloom of
cyanobacteria in June
(a), September (b),
November, 2016 (c)
and water without
bloom (d)

- When cyanobacteria
dominate, Chl-a should
be used for HCBs
monitoring from remote
sensing (Stumpf et al.,
2016).



Harmful 
cyanobacteria 
blooms in Tri 
An reservoir 

Different blooms were
observed in both rainy
and dry months.



Mapping of HCBs using linear approach (Sentinel -2)



Mapping of HCBs using linear approach (Sentinel -2)



Mapping of HCBs using machine learning: water quality 
dataset

RMSE and MAE values were converted into unit of μg/L

Pearson correlation analysis between water quality parameters in the tri An reservoir (TAR) 
(significant level <0.05)



Mapping of HCBs using 
machine learning and 
water quality dataset

- Mean values and standard deviation of 
water quality variables from March 2016 
to October 2019 in the Tri An Reservoir 
(TAR)

229 time-series observations: 
– 70% for training: ~ 159 obs 
– 30% for testing: ~ 70 obs



Mapping of HCBs using machine learning: water quality 
dataset



Mapping of HCBs using machine learning and water 
quality dataset
Feature importance of water quality parameters in Gaussian 
process (GP) model



Mapping of HCBs using machine learning and remote 
sensing dataset (Sentinel - 2)



Mapping of HCBs using machine learning and remote 
sensing dataset



FROM SEMI-AUTOMATIC TO 
AUTOMATIC MAPPING OF HCBs

– Develop transferring and general ML model that deals with high
variation of Chl-a in different waters

– Develop python-based program with ML and DL models to
automatic processing remote sensing data for HCBs mapping

– Develop fast and accurate methods for Chl-a measurement to
increase dataset for ML and DL model training.



CHALLENGES
– High cloud coverage —> less remote sensing image fit the

sampling date

– Insufficient time-series dataset of to train the ML models at
different levels of bloom

– Coarse spatial resolution of free satellite image whilst very costly
in using very high spatial resolution image

– Hyper-spectral image would be prefer, but not availability

– Variation and very high concentration of Chl-a in inland waters
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