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 Abstract 

Eutrophication is the process by which primary production is enhanced through 

the increase in the rate of supply of organic matter and thus nutrients to an ecosystem.  

Of particular concern are the effects of excess nutrients introduced by human activities, 

such as nitrogenous and phosphorous. 

Related to this, in severe cases, eutrophication can lead to large algal blooms and 

algal scum, (some of which can be toxic), enhanced benthic algal growth, cycles of 

bacterial and fungal growth, oxygen depletion, and subsequent changes in the structure 

and functioning of lakes and marine ecosystem with changes or loss of flora and fauna of 

this ones. 

The use of remote sensing can help to prevent the consequences of these algal 

blooms like an early alert tool. Also can be used to recognise the cause and the effects of 

these processes and to generate models to predict the behaviour.  
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CHAPTER I   

 Introduction 

 

 Historically, the relationship between man and water has been constant and 

eternal dependency. The concern of countries to have enough water in quantity and 

quality for its various activities is always in growing. 

Lakes and reservoirs provide water for human consumption and allow a number of 

highly valuable environmental functions. These are water reservoirs used to meet the 

needs of society and the environment. These needs include power generation, provision 

of water for human and animal consumption and irrigation, increasing attenuation, 

groundwater recharge, providing habitat for many plant and animal species 

(Sriwongsitanon et al., 2011). 

 Coastal areas are transitional areas between the land and sea characterized by a 

very high biodiversity and they include some of the richest and most fragile ecosystems on 

earth, like mangroves and coral reefs. At the same time, coasts are under very high 

ǇƻǇǳƭŀǘƛƻƴ ǇǊŜǎǎǳǊŜ ŘǳŜ ǘƻ ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎΦ aƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ ǘƻŘŀȅΩǎ ǿƻǊƭŘ 

population live in coastal areas (within 60 km from the sea) and this number is on the rise. 

Throughout history coastal areas have been important to humans in many waysτ

including as a source of water, edible plants, and animals. Coasts are also gateways for 

trade (via shipping). Major cities have developed along sea coasts, or along lakes and 

rivers that are connected by a waterway with the ocean (Yunis, 2001). 

 However, these systems are exposed to environmental degradation; 

eutrophication remains one of the most common problems and produces ecological 

impacts, significant negative health and economic local and regional scale (Rodriguez, 

1997). Because of this emerges the purpose of this study. 
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 Objective 

 

 Learn about the problematic of different levels of eutrophication or algal blooms in 

lakes and coastal regions and the techniques and satellite sensors used for the recognition 

of them. 

 Eutrophication of Lakes 

 ¢ƘŜ ŀƎƛƴƎ ǇǊƻŎŜǎǎ ōƻŘƛŜǎ ƻŦ ǿŀǘŜǊ ƭƛƪŜ ƭŀƪŜǎΣ ǇƻƴŘǎ ŀƴŘ ǎǘǊŜŀƳǎ ŀǊŜ ŎŀƭƭŜŘ 

ŜǳǘǊƻǇƘƛŎŀǘƛƻƴΦ 9ǳǘǊƻǇƘƛŎŀǘƛƻƴ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ōȅ ǿƘƛŎƘ ǇǊƛƳŀǊȅ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŜƴƘŀƴŎŜŘ 

ǘƘǊƻǳƎƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǊŀǘŜ ƻŦ ǎǳǇǇƭȅ ƻŦ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ŀƴŘ ǘƘǳǎ ƴǳǘǊƛŜƴǘǎ ǘƻ ŀƴ 

ŜŎƻǎȅǎǘŜƳ ό99!Σ нллмΤ bƛȄƻƴΣ мффрύ ǘƘƛǎ ƴǳǘǊƛŜƴǘ ƛƴŎƭǳŘŜǎ ǎǳŎƘ ǎǳōǎǘŀƴŎŜǎ ŀǎ ƴƛǘǊŀǘŜǎ ŀƴŘ 

ǇƘƻǎǇƘƻǊǳǎΣ ǿƘƛŎƘ ŜƴŎƻǳǊŀƎŜ Ǉƭŀƴǘ ƎǊƻǿǘƘΦ όCƛƎΦ мύ 

 

Figure 1: Eutrophic lake: San Roque Dam 
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¢ƘŜ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎ ƻŦ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƛǎ ǎƛƳǇƭŜ ŀƴŘ ǘŀƪŜǎ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎ ƻǊ ŎŜƴǘǳǊƛŜǎΦ 

¢ƘŜ Ǉƭŀƴǘǎ ŎƻƴǎǳƳŜ ǘƘŜ ƴǳǘǊƛŜƴǘǎΣ ŀƴŘ ǘƘŜƴ ǘƘŜȅ ŀƎŜ ŀƴŘ ŘƛŜΣ ǊŜƭŜŀǎƛƴƎ ǘƘŜ ƴǳǘǊƛŜƴǘǎ ōŀŎƪ 

ƛƴǘƻ ǘƘŜ ǿŀǘŜǊΦ hǾŜǊ ǘƛƳŜΣ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ƴǳǘǊƛŜƴǘǎ ŀƭƭƻǿ ŦƻǊ ŀƭƳƻǎǘ ǳƴŎƘŜŎƪŜŘ Ǉƭŀƴǘ 

ƎǊƻǿǘƘΣ ǿƘƛƭŜ ŎƘƻƪƛƴƎ ƻǳǘ ŦƛǎƘΣ ƛƴǾŜǊǘŜōǊŀǘŜǎ ŀƴŘ ƻǘƘŜǊ ǎǳŎƘ ŀǉǳŀǘƛŎ ƭƛŦŜΦ 

Eventually, only plants and the sediment from dead organisms remain in the water. This 

sediment layer gets thicker as more plants grow and die, insects drown in the water and 

other organic debris accumulates. Over time, this sediment pushes up the floor of the 

body of water, causing the water itself to spill over its old banks and redistribute over the 

surrounding ground. It may take decades, but eventually the body will disappear 

altogether, leaving behind first a marshy area and then a firm, fertile plain. (Fig. 2) 

 

Figure 2: Natural Eutrophication process.  

As mentioned in the previous paragraph, eutrophication is part of a natural process 

and regardless of human activity, but the increasing urbanization, agriculture and energy 

development, accelerate this process, shortening the life of the body of water. Thus, 

generate an "artificial eutrophication or culture", which is much more rapid and 

dangerous. (Fig. 3) 
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The causes of anthropogenic eutrophication: 

¶ Industrial waste discharges, agricultural, urban and treatment plants. 

¶ Deforestation that increases erosion and reduces the recycling of nutrients in the 

watershed, increasing their income to the water body. 

¶ Fertilizer applied in excess. 

¶ Sewage farms.  

¶ Septic tanks. 

¶ Detergents with large amounts of phosphorus. 

¶ Contribution of pollutants from rainwater. 

¶ Sewer system of cities and towns. 

 

Figure 3: Cultural Eutrophication process.  

Many lakes show vertical stratification of their water masses, at least for some 

extended time periods. Density differences in water bodies facilitate an evolution of 

chemical differences with many consequences for living organisms in lakes. Temperature 

and dissolved substances contribute to density differences in water. The atmosphere 

imposes a temperature signal on the lake surface. As a result, thermal stratification can be 

established during the warm season if a lake is sufficiently deep. On the contrary, during 
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the cold period, surface cooling forces vertical circulation of water masses and removal of 

gradients of water properties (Aeschbach-Hertig et al. 1999). (Fig. 4) 

 

Figure 4: thermal stratification of lakes.  

Also, lakes with marked thermal stratification tend to have a synergistic effect in 

the eutrophication process. During summer, the surface of the water being heated and 

expands, floating over the bottom at the top of the water column.  

The lower part of the column became hypoxic due the oxygen is congsuming by 

the biological activity of the flora and fauna. When levels of oxygen rich lows values,  more 

nutrients are concentrate in the background by the death of benthic animals and plants. 

At the top of the column takes just another process also increases the organic matter of 

the water body. The largest solar radiation of the warm season brings a proliferation algal 

that generate organic matter when he dies and decreases the diversity of other species of 

lower strata. During the winter season, the basal surface temperature is very low 

temperature (4 ° C) and may or may not possess the upper layer frozen. This can cause a 

greater degree of hypoxia in the water and accumulation of organic matter due to the 

death of the algae surface. 
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 Harmful Algal Blooms 

 Proliferation of dinoflagellates, ciliates and bacteria, can become toxic when they 

reach high concentrations. This phenomenon is known as harmful algal blooms (HABs). 

The cause of these natural proliferations may be by factors such as salinity, amount of 

light, temperature and turbulence (Chandy et al. 1991). Some human activities that may 

have contributed to the increase in HAB occurrence and distribution include: increases in 

nutrient loadings (which can change the natural nutrient regime and select for HAB 

species, plus more nutrients support more growth), overfishing (which can decrease the 

grazing pressure on HAB species), and ballast water discharge (which can transfer resting 

stages, or cysts, of HAB species to new areas). However, of the thousands algal blooms, 

only a small percentage are harmful to humans (approximately 10% of total). 

The HABs have great ecological importance as the animals that feed on these toxic 

microorganisms, are poisoned , sick , dying and transmit the poison through the food 

chain , which in turn affects humans ingest these contaminated organisms, reduce 

dissolved oxygen in the water and cause the deaths of hundreds of fish and corals (Fig. 5). 

Similarly, have a great social importance as they constitute a threat to the health of 

people, the economy, tourism, fisheries and aquaculture (GEOHAB, 2001). 

 

Figure 5: Coastline covered in dead fish, Ukraine.  
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In terms of health, people can suffer different poisoning as paralytic, Neurotoxic, 

Diarrheal, amnesic, or Ciguatera. As a result of these, some effects and symptoms that 

may occur are: pictures neurotic, oral paraesthesia, abdominal pain, headache, altered 

pulse, respiratory failure, cardiac arrests and death. 

!ƳƻƴƎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ ŎŀǳǎŜ ƘŀǊƳŦǳƭ ŀƭƎŀƭ ōƭƻƻƳǎ ŀǊŜΥ 

 

Alexandrium catenella produces the paralytic shellfish toxin. In humans and animals 

cause paralysis in the extremities and subsequently, death by cardio-respiratory arrest.  

YŀǊŜƴƛŀ ōǊŜǾƛǎ ōƭƻƻƳǎ Ŏŀƴ ǇƻǘŜƴǘƛŀƭƭȅ ŎŀǳǎŜ ŜȅŜ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ƛǊǊƛǘŀǘƛƻƴ ǘƻ ǎǿƛƳƳŜǊǎΣ 

ōƻŀǘŜǊǎ ŀƴŘ Ŏƻŀǎǘŀƭ ǊŜǎƛŘŜƴǘǎΦ                                                                          

Dinophysis acuta produces diarrhetic shellfish toxin in humans and animals causes 

gastrointestinal problems such as diarrhea.           

Pseudo-nitzschia sp. produces amnesic shellfish and humans can cause loss of short term 

memory. όCƛƎΦ сύ 

Figure 6: Harmful algal from left to rigth: Alexandrium catenella, Karenia brevis, Dinophysis acuta 

and Pseudo-nitzschia sp.  

Indicators and indexes 

There are several indicators presently used to assess eutrophication in aquatic 

systems. Phosphate, ammonia and nitrate, in both river and coastal waters are the major 

constituent nutrients driving eutrophication. Chlorophyll-a is an indicator of 

phytoplankton biomass and concentration increases due to phytoplankton growth are a 

result of eutrophication. Chemical oxygen demand and Biochemical oxygen demand are 
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used to quantify the magnitude of organic pollution. Suspended solid and transparency 

are used as an indicator of turbidity. 

One of the most widely index used for measuring the degree of eutrophication is 

the Carlson's eutrophication index also called Trophic State index (TSI) (Fig. 7) and is 

defined as the total weight of biomass in a given water body at the time of measurement.  

Three variables can be used to calculate the Carlson Index: chlorophyll pigments, total 

phosphorus and Secchi depth. Of these three, chlorophyll will probably yield the most 

accurate measures, as it is the most accurate predictor of biomass. Phosphorus may be a 

more accurate estimation of a water body's summer trophic status than chlorophyll if the 

measurements are made during the winter. Finally, the Secchi depth is probably the least 

accurate measure, but also the most affordable and expedient one (Carlson & Simpsons, 

1996). Because this tree variables tend to correlate and citizen monitoring programs and 

other volunteer or large-scale surveys will often use the Secchi depth the relationship of 

this index is expressed by the following equation: 

 

 

²ƘŜǊŜ 

 Ȋ Ґ ǘƘŜ ŘŜǇǘƘ ŀǘ ǿƘƛŎƘ ǘƘŜ Řƛǎƪ ŘƛǎŀǇǇŜŀǊǎΣ 

Lл ƛǎ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ƭƛƎƘǘ ǎǘǊƛƪƛƴƎ ǘƘŜ ǿŀǘŜǊϥǎ ǎǳǊŦŀŎŜΣ 

LȊ ƛǎ ŀōƻǳǘ мл҈ ƻŦ Lл ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ŎƻƴǎǘŀƴǘΣ 

ƪǿ ƛǎ ŀ ŎƻŜŦŦƛŎƛŜƴǘ ŦƻǊ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ƻŦ ƭƛƎƘǘ ōȅ ǿŀǘŜǊ ŀƴŘ ŘƛǎǎƻƭǾŜŘ ǎǳōǎǘŀƴŎŜǎΣ 

ʰ ƛǎ ǘǊŜŀǘŜŘ ŀǎ ŀ Ŏƻƴǎǘŀƴǘ ǿƛǘƘ ǘƘŜ ǳƴƛǘǎ ƻŦ ǎǉǳŀǊŜ ƳŜǘŜǊǎ ǇŜǊ ƳƛƭƭƛƎǊŀƳ ŀƴŘ 

/ ƛǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊ ƛƴ ǳƴƛǘǎ ŦƻǊ ƳƛƭƭƛƎǊŀƳǎ ǇŜǊ ŎǳōƛŎ ƳŜǘŜǊΦ 

ό/ŀǊƭǎƻƴΣ мфттύ 
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Figure 7: Comparison between indexes 

All these indicators can be measured directly through ship-based water sampling. 

Collecting water samples through ships is often costly and provides data limited in space 

and time. In contrast, satellite remote sensing can cover large areas with relatively high 

resolution and without restriction of national boundaries. (Cearac, 2007) 

Remote sensing involves measuring some property of an object of interest from 

the distance. This allows us to extrapolate a characteristic of a particular area relieved by 

local measurements analysis to a larger scale area in less time and cost. Remote sensing 

also enables simultaneous comparison of the water quality of all lakes within an image. In 

lakes with a large spatial variation in water quality, the use of spatially high-resolution 

remote sensing data improves the accuracy of water quality estimation compared to 

conventional monitoring methods (kallio et al, 2008). 

In order to extrapolate the ship-based measurements of water sampling is necessary 

to know the main optical properties that influence the reflectance spectrum of natural 

waters, such as: 

¶ Absorption coefficient due to the presence of coloured organic matter. 

¶ Absorption coefficient due to the presence of droppings of aquatic flora and fauna, 

¶ Absorption coefficient due to the presence of phytoplankton, which includes 

chlorophyll-a, phycocyanin, carotenoids and others. 

¶ Backscattering coefficient caused primarily by matter in suspension. 
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Each of these properties are taken into account depending on the wavelength at which it 

carries out the measurement of reflectance. 

The land surface temperature (TS) is one of the physical properties more used as 

input variable in climate models, hydrodynamics, panoramic epidemiology, among others. 

There is now a substantial variety of remote sensors that allow as calculate TS, providing a 

good spatial and temporal coverage (Jacoba et al. 2004; Li et al. 2004) 

For example, the GOES satellite, has a sensor with a resolution of 4 km in the thermal 

infrared, while the sensors AVHRR from NOAA and MODIS from TERRA and AQUA, have a 

spatial resolution of 1 km in that area of the spectrum. On the other hand there are 

thermal-infrared sensors with better spatial resolution as the TM, Thematic Mapper, 

Landsat-5 which has 120 m and ASTER, from TERRA satellite with 90 m. the ETM from 

LANDSAT-7 with 60 m of spatial resolution. However, these instruments have a revisit 

period of 16 days. 

 Water quality parameters retrievable from remote imagery include the 

concentration of chlorophyll-a, transparency, coloured dissolved organic matter (CDOM), 

Secchi disk depth (SDD), and Aquatic vegetation.  Most studies of this type are based on 

the correlation between the spectral information obtained by the satellite and samples 

obtained in situ, in order to extrapolate the results to larger areas. Also are based in the 

similarity that exist between different sensors that allows create and apply a modelled 

relationship from different satellites images and field data. 

 

 

 

 



Seminary ς Leonhard Gustavo 
 

 

13 

CHAPTER II   

Backgrounds 

For the study of eutrophication and water quality with remote sensing there have 

been used different types of sensors (satellites and airborne) to measure water bodies like 

lakes, rivers, estuaries, marshes, oceans and coastal areas. The following is a review of 

different sensors and techniques for various problematic events related to eutrophication. 

LANDSAT-5TM was used for Zhou et al. in 2006 to develop and apply multi-

temporal models to estimate and map the concentrations of total suspended matter 

(TSM) in Lakes. They use 2 LANDSAT-5TM with contemporaneous measurements in situ of 

total suspended matter. Results of their study show that the ratio TM4/TM1 has a strong 

relationship with TSM concentrations for lake waters with relatively low concentrations of 

phytoplankton algae. Also TM3 provided a strong predictive relationship with TSM 

concentrations despite varied water quality conditions. The validation of the multi- 

temporal capability of the best models indicated that it is feasible to apply the linear 

regression model using TM3 to estimate TSM concentrations across time in Lake Taihu 

(Fig. 8), even if no in situ data were available.  

 

Figure 8: Map of TSM concentration in Lake Taihu on 4 March 2004. Zhou et al. in 2006 
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Olmanson et al. in 2008 measured over 20 years and with the different types of 

sensors landsant (4, 5 and 7) the clarity of ten thousands lakes of Minnesota, USA (Fig. 9). 

They used multiple linear regressions between the sensor values and the depth measured 

by the Secchi disk. The same methodology was used by Brezonik et al. in 2006, in both 

cases, Chlorophyll- a, TSS, turbidity, and SDT were highly correlated with each other and 

all act as direct or indirect measures of algal abundance.  

 

Figure 9: Minnesota lake clarity with county and ecoregion boundaries. Olmanson et al. in 2008 

Zhang & He (2006) worked comparing TSI obtained in situ with the same index 

obtained with the band 5 and band 7 of LANDSAT-7 ETM. They concluded that, the remote 

sensing results obtained agreed with those by other methods (Fig. 10), and the applied 

model can be modified to match the real work; it can provide information on different 

trophic status in several areas by sampling ETM images in grey scale. The method can be 

also used to evaluate large scale eutrophication in much less time and cost.  
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Figure 10: Comparison on the evaluation results between two methods. Zhang & He (2006) 

LANDSAT-7 ETM also was used by Onderka & Pekarova (2008) to map the spatial 

patterns of suspended particulate matter (SPM) in the Danube River. In this study they 

highlight the benefits of remote sensing for the monitoring al large areas of the river. 

Based on a strong relationship between the Landsat near-infrared band (TM4) and field 

measurements, they developed a map of SPM with a very low standard error (2.92 mg/L) 

(Fig. 11). 

 

Figure 11: Map of suspended particulate matter in the Danube River. Onderka & Pekarova (2008). 
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Another work that analyses water quality but employing MERIS sensor (15 spectral 

bands and 1200 m. of resolution) on board the ENVISAT satellite, is Campbell et al. 2011. 

They applied a Matrix Inversion Method algorithm and found significant improvements in 

the accuracy and precision of retrieved water quality parameter values (such as 

chlorophyll- a), can be obtained by using differentially weighted, over determined systems 

of equations, rather than exact solutions.  

The study of coastal regions and open sea represents a major problem because of 

the high scale of work. SEAWIFS was specifically designed to monitor ocean characteristics 

such as chlorophyll-a concentration and water clarity. The sensor has a resolution of 1.1 

km pixel by which allows large-scale studies. Shanmugamet et al. (2008) used this satellite 

for sensing hazardous algal blooms and their underlying mechanisms in shelf-slope waters 

(Fig.12). Heim et al. in 2005 also worked with this sensor measuring the variation of the 

distribution of phytoplankton, solid suspended matter and yellow substance in a Siberian 

lake. They concluded that a SeaWiFS time series are able to show the seasonal variations 

of chlorophyll of specified bio-optical provinces of Lake.  

 

 

 

 

 

Figure 12: The RCA-Chl (relative units) from the SeaWiFS. Shanmugamet et al. (2008). 

Generally, time series of MODIS images are used to study eutrophication processes 

in lakes. Martinez et al. (2011) calibrated them with field samples to discriminate different 

concentrations of chlorophyll-a in different time periods. Zhang et al. in 2010, used it in a 

similar way to analyze the distribution of the total Suspended Matter Concentrations in 

Lake Taihu (China) (Fig. 13). 
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Figure 13: 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ¢{a ŎƻƴŎŜƴǘǊŀǘƛƻƴ όƳƎ [ҍмύ ŦǊƻƳ WŀƴǳŀǊȅ ǘƻ 5ŜŎŜƳōŜǊΣ нллт ƛƴ [ŀƪŜ 

Taihu from MODIS images. Zhang et al. in 2010. 

Hu (2009) developed and used a simple ocean color index, namely Floating Algae 

Index (FAI), to detect floating algae in open ocean environments using data from MODIS 

instruments. FAI is represented by the difference between reflectance at 859 nm 

όǾŜƎŜǘŀǘƛƻƴ άǊŜŘ ŜŘƎŜέύ ŀƴŘ ŀ ƭƛƴŜŀǊ ōŀǎŜƭƛƴŜ ōŜǘǿŜŜƴ ǘƘŜ Ǌed band (645 nm) and short-


