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Abstract:  

Aquatic vegetation play very important role in ecosystem but harmful algae blooms (HABs) also created ecological disaster. It is 
necessary to study real time data of algal and aquatic vegetation along with physic-chemical parameters of natural water 
reservoir.The Tapti River is a river in central India between the Godavari and Narmada rivers. It flows westwards over a length of 
724 km before draining through the Gulf of Khambhat into the Arabian Sea. Compared with traditional in situ  point observations, 
satellite remote sensing is considered as a promising technique for studying HABs due to its advantages of large-scale, real-time, and 
long-term monitoring. The use of  appropriatecurrent satellite data sources and different algorithms for detecting HABs is also 
discusses with the spatial scale issue in current paper.Our approach involved a frequency analysis over a 2003–2018 of the floating 
algal index (FAI),similarity tothe reflectance spectrum of terrestrial vegetation has leadto the application of algorithms such as the 
normalizeddifference vegetation index (NDVI) based on moderate-resolution imaging spectroradiometer (MODIS) data. Three 
phenological periods were defined based on the vegetation presence frequency (VPF) and the growth of algae and aquatic vegetation: 
December and January composed the period of wintering aquatic vegetation; February and March composed the period of prolonged 
coexistence of algal blooms and wintering aquatic vegetation; and June to October was the peak period of the coexistence of algal 
blooms and aquatic vegetation.  
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I. INTRODUCTION 

Harmful algal blooms (HABs) are deleterious phenomena characterized by the rapid accumulation of biomass in aquatic 
systems that have escalated worldwide in recent years. HABs  have severe impacts on coastal ecosystems, fishery resources,  
and public health. Three primary factors contribute to the occurrences of HABs:  phytoplankton species, nutrition sources, and 
the dispersal mechanism. Eutrophication caused by anthropogenic activities has been determinedto be one of the main  
sourcesof  nutrition of HABs.  Furthermore, some research  has  pointed out that variation of oceanographic environmental 
parameters can also stimulate HAB events [1]. 

HABs are marine phenomena characterized  by large geographic and short temporal scales. Traditional efforts to identify HABs  
include  in situ  ship-surveys  and laboratory analysis, but these have unavoidable limitations in time, cost, and labor  which do 
not lend themselves to large scale monitoring over a short period. As technology developed in 1970s, with the advantages of  
large-scale, real-time, and long-term monitoring, satellite remote sensing has been widely used to detect HABs as well as the 
oceanographic environmental characteristics that favour the formation of HABs. Although it is difficult for satellite remote 
sensing to detect high toxicity HABs existing in thin layers, it still provides an effective tool for identifying high-biomass HABs 
such as red tides. Our approach involved a frequency analysis over a 2003–2018 time series of the floating algal index (FAI) 
based on moderate-resolution imaging spectroradiometer (MODIS) data.This study involved the identification of aquatic 
vegetation by applying a frequency approach to time series of the FAI derived from MODIS data. The primary aims of our study 
were to (1) develop a new approach for mapping aquatic vegetation and separating the influence of floating algal through 
satellite images in combination with concurrent in situ investigation; (2) identify and map the aquatic vegetation by using 
MODIS  images based on the new  approach;  and (3) analyze the  spatial and temporal distribution of aquatic vegetation and 
evaluate the potential influencing factors. 
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Fig.1: The cross pattern of HABs dynamic mechanism 

II. MATERIALS AND METHODS 

HABs have distinct spectral characteristics (significant absorption bands in around 500 nm, 675 nm, and reflectance peaks in 
550 nm and 700 nm) , which are caused by the dramatic increase of phytoplankton biomass. In particular, the chlorophyll 
fluorescence peak at 683 nm is a special characteristic of HABs which can be used to effectively separate it from other types of 
water. However, for some HABs the reflectance peak is shifted to 700 nm which is not caused by the fluorescence effect, but is 
contributed  to  by the elevated back scattering as a result of the increased phytoplankton density, or at least  is a combination of 
the fluorescence and elastic scattering effects [2]. Different HAB species have distinct spectral characteristics. Zhao et al. 
concluded that three main different spectral characteristic types (the single-peak, the double-peak and the wide peak) exist for 
most HAB species. The single peak is characterized by a single reflectance peak at 680–750 nm while the double-peak type has 
a strong reflectance peak at around 700 nm and a weak peak at around 800 nm. The wide-peak type has a relatively broad 
reflectance peak distributed from 680 to 900 nm. The aforementioned spectral responses are shown more obviously by intense 
HABs than in water with normalphytoplankton concentrations. These different characteristics can allow various satellite  system 
with different spectral resolutions to detect different HABs by developing numerous algorithms [3]. 

Information can also be obtained at the same time as chlorophyll concentration isretrieved  for the same HAB occurrence which 
greatly  improves  the accuracy of HAB detection by integrating analysis of multiple satellite information. Furthermore, MODIS 
also provides the opportunity to estimate the primary production for algal bloom water because of the availability of all the 
necessary parameters including chlorophyll concentration daily photosynthetically active radiation, and daily diffusion 
attenuation coefficient derived from MODIS. The spatial resolution of MODIS data can guarantee the accuracy for HABs with 
an area more than 1,000 km2. However, MODIS imagery suffers severely fromthe  sunglint problem (Darecki ; Stramski, 2004). 
Because the sensor was designed for observations of atmosphere, land and ocean, it does not tilt toward the track to avoid the 
solar flare influence. Another limitation is that the fluorescence region (676 nm) in MODIS is a little farther from the actual 
chlorophyll peak (683 nm), especially when the chlorophyll concentration is higher [4]. 

The NDVI is typically defined as a ratio of the difference between the top-of-atmosphere (TOA) radiance (orreflectance) at red 
and near-infrared (NIR) wavelengthsdivided by their sum, 
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This algorithm utilizes the unique red-edge present inthe reflectance spectrum ofphotosynethically active speciesto highlight 
vegetation from the surrounding environment. The spectral red-edge of  vegetation isindicative of low reflectance at red 
wavelengths due to chlorophyll absorption and high reflectance at NIR wavelengthsdue to “intra and interleaf scattering in the 
plant canopy”. This characteristic spectral  signature causesvegetation to have an NDVI that ranges approximatelybetween 0.2 
and 0.9 [5].  

The former is a new index exclusivelyfor species that exhibit a red-edge in their above-waterreflectance spectrum over an 
oceanographic setting. Thisindex, analogous to the MCI, is a measure of the height ofthe NIR peak relative to a baseline value 
that is linearly interpolated from adjacent bands in the red and short wave infrared (SWIR) wavelengths. 

 

 

where, RRC is the Rayleigh corrected top-of-atmosphere reflectance; λ(SWIR), λ(NIR), and λ(RED) are the wavelengthsof the 
SWIR, NIR, and red bands, respectively. The FAIshows significant improvement in reducing the  variability observed in regions 
affected by Sun-glint or a hazy atmosphere. 

III. RESULT AND DISCUSSION 
Normally an algal bloom varies dramatically with rapid occurrence and rapid disappearance during several days.  High 
frequency (less than three hours) of observation is required to track the highly dynamic HABs impacted by multiple 
oceanographic phenomena such as diurnal winds, river runoff and upwelling currents. Even the satellite imagery with daily 
revisit times  (SeaWiFS, AVHRR, and MODIS) is hardly capable of monitoring real-time HABs.NDVI imagerygenerated from 
the 250m spatial resolution MODIS’ red(645 nm) and NIR (859 nm) bands captured over an area ofTapi river, enclosed by 
21˚6’ 30”N and72˚45’0”E- 74˚15’0”E. Prior to the computation of the NDVI, thesebands were processed from raw radiance 
counts. 

 

Fig.2 Normalized Difference Vegetation Index (NDVI) origin of Tapi River in year 2003 
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Fig.3 Normalized Difference Vegetation Index (NDVI) origin of Tapi River in year 2008 

 

Fig.4 Normalized Difference Vegetation Index (NDVI) origin of Tapi River in year 2014 
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Fig.5 Normalized Difference Vegetation Index (NDVI) origin of Tapi River in year 2018 

In time series studies of waters with both aquatic vegetation and algal blooms, shown the retrieval errors may be due to their 
similar optical characteristics; for example, floating algae are often misclassified as emergent or submerged aquatic vegetation 
in year 2003 (Fig.2) the NDVI shows less index value whereas in 2018 (Fig.5) shown higher value may be due to more HABs 
concentration.  

The majority of studies in which algae or aquatic vegetation were detected using remote sensing were based on prior 
environmental knowledge or independent in situ datasets of questionable accuracy, here during time series studies the Wintering 
Aquatic Vegetation period (WAV period),  spans December and January. Because of the low temperature, algae blooms are 
rarely observed during this period, during summer season the prolonged coexisting Algal Bloom and Wintering Aquatic 
Vegetation period (ABWAV period), was defined based on previous observations. Microcystis (the dominant algae species in 
Tapi river starts to grow when the  five-day average temperature is above 30 °C evaluated the relationship between temperature 
and the growth of Microcystis and it found that the average water temperature from 2003–2018 in (winter to summer) was 25 
°C, making it a crucial period for the growth of Microcystis.  

Therefore, the mentioned threshold during this period, causing the overwintering Microcystis on the surface of the sediment to 
grow, gain buoyancy and then floats in the water column.Shallow area of river is among the most complex aquatic systems and 
is known to switch between two stable states: a macrophyte-dominated clear-water state and a phytoplankton-dominated turbid 
state [6].  In addition, macrophytes and phytoplankton may coexist for a long period of time in certain lakes undergoing 
eutrophication. 

The FAI is used in combination with pre-determined thresholds to help separate land, cloud or sediments from pixels associated 
with surface algal scums, thereby making it more sensitive to turbid water and shallow depths than other indices [7]. There was  
dramatic  variation  in  the  distribution of  aquatic vegetation  during  the  past  decade (Fig.-3; 4).  In particular, there was a 
significant decrease in the aquatic vegetation area in 2003 and 2018, which might be due to the excessive input of nutrients 
during these two years. The inputs of macrophytes and HABs were both at theirhighest in within the period from 2008–2013, 
demonstrating that the purification function of the aquatic vegetation cannot be overestimated.  In the highly dynamic and 
unstable aquatic ecosystem, it is easier to shift from a macrophyte-dominated state to a phytoplankton-dominated state than it is 
to shift in the opposite direction. 

IV. CONCLUSION 

However, current studies shows that the unsystematic understanding of HABs, the insufficient incorporation of satellite remote 
sensing, and a lack of multiple oceanographic explanations of HAB mechanisms are the major problems for remote sensing of 
HABs. A synthesized framework integrated with different remote sensing approaches is necessary to provide a systematical 
view and explanations of these complicated marine phenomena.Remote sensing plays a significant role in investigating HABs 
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over large geographical areas, although limitations still exist in current applications. There is no doubt that an effective 
monitoring and detecting system for remote sensing of HABs requires the coupling of powerful strategies and a comprehensive 
understanding of HAB hydrological mechanisms. The synthesized framework proposed by this study allows for a potential 
method to present a systematical view of HABs, to improve the exploration of remote sensing techniques in HABs and to 
explain the complex nature of HAB mechanism from different water analysis aspects.  For progress to be most effective, future 
efforts should also be devoted to the fields of hydrology and optical sampling, numeric modeling and the development of remote 
sensing algorithms.  More accessible data and methods can be integrated into the established framework for combined analysis, 
to help address the current problems in improving routine-monitoring and forecasting of HABs.   
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